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Detroit Meeting of the American Electrochemical] 

Society 

If the spring meeting of the American Chemical So- 
ciety in Kansas City in April was characterized by the 
very sincerity and earnestness that was to be hoped 
for from the chemists of a 
may be truly said of the meeting of 
Electrochemical held in Detroit last 
different the Kansas 
meeting in character and temperament. Societies if 
they really represent distinctive groups of men with 
a well-defined common endeavor, have their individu- 
alities like individuals. We may rejoice that we have 
in this two strong chemical societies with 
such different temperamental individualities as the 
Chemical and the Electrochemical Societies. And we 
may rejoice that neither society called off its meet- 
ing on account of the war, as it proves that in these 
trying times our chemists are not losing their heads. 
Certainly if conventions of national societies have 
any justification, they are justified, nay they are abso- 
lutely necessary at this very minute for the nation- 
wide mobilization of professions and industries. The 
Detroit meeting was truly enjoyable. It would have 
been truly profitable at any time in its success of 
bringing electrochemists and electric central station 
men into closer relations. At this moment it was 
doubly profitable to the whole country in its sincere 
get-together spirit. Now if ever, 
tionally and professionally united. 


nation at war, the same 
the American 
Society 
though it was very 


week, 


from City 


country 


we need to be na- 


The Puzzling Steel Industry 

The future of the steel industry and the course of the 
market during the war present a very inviting field for 
speculation. To have any chance of seeing correctly the 
future one should understand the present, and that, 
the case of the steel industry, is impossible. Prior to 
the present movement, the maximum rate in the pro- 
duction of finished rolled steel was about 2,150,000 
gross tons a month, in the spring of 1913. The present 
rate is between 2,600,000 and 2,700,000 tons a month, 
or about one-fourth more. 

The condition is not in keeping with some of the ac- 
cepted dicta of the trade. Steel, it has often been ex- 
plained, goes chiefly into construction work, into perma- 
nent employment. Hence the industry is a prince at 
one time and a pauper at another, according to whether 
or not people are putting their money into permanent 
investment. If steel were a matter of everyday con- 
sumption, like grain, shoes or paper, the demand would 
be much more uniform. Interpreting the production 


statistics according to our lights, therefore, we see 


that the present period is one of very heavy new con- 
struction. 


Apparently men are erecting bridges and 
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buildings, with triple priced steel, calculated to yield 
proper interest on the investment during the next 20 
or 30 years. Apparently railroads are building new lines 
and adding largely to their rolling stock, as well as 
building new stations. Unfortunately, however, we 
know that this is not the case. In the last six months 
the structural shops have been booking fabricated steel 
contracts at the rate of about two-thirds their capacity, 
and car and locomotive orders have been relatively light, 
while the production of rails last year, despite record 
exports, was 28 per cent. less than ten years earlier. 

The heavy demand for steel of late has not been due 
to the war in Europe. The steel exported last year in 
the form of unfinished and finished rolled material, all 
the steel that is reported by weight in the export sta- 
tistics, was 16 per cent of the total production. In 1912 
the proportion was 11 per cent. The difference of 5 per 
cent does not explain much. Of course, there were ab- 
normally large exports of finished goods involving steel 
and not reported by weight, loaded and unloaded shells, 
machinery, railway rolling stock, motor cars, etc., but 
the steel involved in these exports could hardly have rep- 
resented 10 per cent of the production. 

Apparently the common everyday needs of the people 
have very greatly expanded since the last period of steel 
activity, when a large proportion of the total output 
went into great structures. These people complain of 
advances of 30 or 50 per cent in the price of shoes, and 
get their old shoes half soled, whereas steel is selling at 
three prices and they buy more than ever. 

A generally accepted belief in the steel trade used to 
be that price advances beyond a rather moderate per- 
centage would check consumption and eventually wreck 
the market. According to the safe limits recognized 
for quite a number of years advances should not be al- 
lowed to exceed about 50 per cent., but steel prices are 
now more than triple those of a trifle more than two 
years ago, and they are more than double the top prices 
reached in 1907, the traditional safe limit. 

The psychology of the steel market, however, is not as 
elusive as these comparisons would suggest. In the 
first place, war is a quickener of the mind and at the 
same time war prepares men for almost any eventuality. 
When steel prices advanced, apparently on account of 
the war, men became prepared for them to advance al- 
most indefinitely. The steel market has lived through 
many years in the past two. In the second place, in all 
steel price movements of the past the steel market has 
been lifted by successive and necessary stages. Con- 
tracts were made for forward delivery, and in the case 
of each advance the buyers would, as a rule, be covered 
by contracts for additional periods. The mills would 
become sold up farther and farther ahead until a time 
came when on an additional advance the buyers would 
not take hold and then there would be a period of longer 
or shorter duration while buyers simply existed on old 
contracts and eventually the market would break. In 
this movement the mills recognized no obligation to 
cover their customers afresh upon each advance and 
thus advances were much more rapid in proportion to 
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the tonnage sold. Buyers have been panic-stricken, 
more or less, for a year and a half, fearful lest they 
should not be able to secure deliveries at all. The in- 
fluence of the war has been more upon the mind than 
upon the material. 

The steel market having reached its present position 
through such unusual steps, and the character of the 
demand being so abnormal, the future course is neces 
sarily in doubt. If the war should end in a relatively 
short time, it would end before the present steel con 
tracts are all completed. If it continues a relatively 
long time our mental and physical efforts will become so 
completely devoted to the prosecution of war that the 
ordinary commercial demand will be very greatly dimin- 
ished. One thing seems clear, that if we are able to ex- 
port steel and steel products freely the war will not last 
a great while. If we cannot do so, and if the war should 
last for a period of years, it seems improbable that we 
shall have occasion to continue the full rate of our pres- 
ent domestic consumption of steel. 





A Great Library of Applied Science 

The delightful old book-worm who reads through his 
pleasant hour and then dreams away in his library cor- 
ner, fashioning his thoughts like sunset clouds to take 
shape as they will, to glow in beauty and then retire into 
the darkness of night, has gone into his hermitage. We 
seldom see him any more. His books have found their 
places in museums, and occasionally the Grolier Club 
shows a few of them so that we may not wholly forget 
the arts of binding and of printing. The only thing 
that remains is the name—library—and that has be- 
come a great, live business institution into which men 
rush and read with great intensity, the while they dili- 
gently make notes. 

Sometimes we wish that there were a little more of 
philosophy and art and the subtle inner meaning of the 
great dramas of the Greeks of the golden age, to be 
found in the busy books of working libraries all over 
the world. Sometimes it seems that a profounder study 
of the ways and passions of men might have saved us 
from the terror and turmoil of these unhappy days of 
anger and death; but we record these sentiments only 
in passing. The big business of to-day is upon us, and 
the best we can do is to meet it. Men dash into the 
storehouses of learning to seek light upon problems of 
business and war, to wheedle, for instance, some quality 
of tin into lead, to cheapen or multiply containers for 
food, to gain knowledge to build machines or power 
installations or warehouses, to move goods, build ships 
and to fashion bulwarks of rock and steel against the 
wrath of their own kind. 

The technical library is likely to be a busier p!:ce 
than the sales room of a great corporation. Just as “‘¢ 
laboratory has edged its way into the works and ins *ts 
upon a place there, so the library has crept into ‘He 
laboratory or the draughting room. But these ! ‘tle 
libraries are not enough, for as soon as one begin: to 
work in science he learns that the least complete o 
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works are compendiums and even dictionaries. The only 
way to get scientific information into hand is to gather 
up all the periodicals and bind them, and then the work 
is only begun. Indeed, when everything possible for a 
modern scientific library is collected to date, the fact 
remains that the date changes every twenty-four hours 
and more periodicals are due. They keep coming in and 
coming in and need to be put in order and bound all the 
time—and still we have only the raw materials. 

When the American Institutes of Mining Engineers 
and of Electrical Engineers and the Society of Mechan- 
ical Engineers came together under one roof at 29 West 
Thirty-ninth Street, New York, they brought their 
books with them, and the operation of their three sep- 
arate libraries under one administration was disturb- 
ing, disquieting, difficult and distressing to the admin- 
istrators. Then the three were consolidated and order 
began to loom into sight. Following this the American 
Society of Civil Engineers has now added their large 
collection and research department and that has pro- 
duced, by the union of the four collections, a great en- 
gineering library of about 125,000 volumes, especially 
rich in periodical literature. It is under the control of 
the United Engineering Society, which is a holding 
association for the joint activities of the four others. 
About thirteen hundred periodicals are received. Com- 
plete sets of nearly all the periodicals are on hand. The 
book collection is constantly increased by the purchase 
of relevant new material, both American and European. 
The funds for maintenance are supplied by the four 
founder societies. 

What is lacking is a chemical library. That of the 
Chemists’ Club is available and reasonably convenient: 
one long block across Fifth Avenue and two short 
blocks north. This is a very large library, but even so 
active and growing an organization as the Chemists’ 
Club can hardly appropriate funds to buy everything 
that is published in pure and applied chemistry. Now 
the interlocking of applied chemistry and engineering 
in all its branches is so close that there is no clear line 
to be drawn between them, although many ramifications 
of chemistry naturally extend far outside the pale of 
engineering. It seems almost absurd how even biolog- 
ical and physiological chemistry occasionally appear in 
technical problems to be treated by engineers, and yet 
the line must be drawn somewhere and the Chemists’ 
Club’s library must cover the whole field. The chemical 
feature of the library of the engineering societies is 
a problem still to be worked out. 

‘he director is Mr. Harrison W. Craver, who came 
on ‘rom Pittsburgh some six weeks ago to take general 
charge. The books are all there, and while some may 
not be so conveniently located that they come down from 
the'r respective shelves in response to a whistle, they 
are nevertheless available, and anybody who wishes to 
con-ult any of the 125,000 books can do so without seri- 
ous delay. The Library Research Bureau has been greatly 
increased by the addition of that of the American So- 
ciety of Civil Engineers. It has grown and is growing. 
It js designed to establish its operation as nearly as 
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possible upon a cost basis. Its purpose is professional 
service and it provides information more particularly in 
the following forms: 

Current research cards, which are sent out against 
deposits previously made, to give information of arti- 
cles bearing upon special subjects as they are printed in 
various periodicals. 

Bibliographies. 

Abstracts of articles relating to special subjects pub- 
lished over as long a period as desired. 

Copies, especially photo-print work. 

Translations. 

Inquiries come in from India, China, Japan, South 
Africa, South America, the War District of Europe, the 
far North; in short, from all parts of the earth where 
engineers are busy and occasionally wireless calls are 
received asking for searches to be made ready against 
the arrival of some engineer who is still at sea. The So- 
ciety of Civil Engineers has been maintaining this kind 
of library research work for fifteen years or more, and 
the accession of their library contributed a large num- 
ber of records which facilitates the task of bringing 
replies to many questions up to date. At the same 
time a library search record is not always what it seems 
to be. In order to determine how broadly it covers the 
field indicated by the title, it is necessary to refer back 
to the original inquiry, which may have been of a re- 
stricted nature. No private research is undertaken be- 
cause a copy of every record is placed on file and 
straightway becomes available information. Whether 
private research will be undertaken or not remains to 
be determined; it is not done now and may not be done 
at all on the ground that the library is a public institu- 
tion and has no closed books. Anyone who wants to 
make a private search is at liberty to do so or to employ 
whomever he chooses for the purpose. 

The Library of the United Engineering Society 
is in good order, is well kept up and its methods 
for getting at what is wanted are simple and direct, 
but if the plans for the future are carried out it would 
almost seem that a beehive in August would appear a 
sleepy place beside it. While it is not a storehouse of 
elementary information and it does not profess to be 
other than a professional institution, it is designed to 
make of it a place where any engineer can come and get 
whatever is known on a subject that is recorded in 
print. And whatever it does for the engineer who can 
consult it, it must be in a position to do for the one who 
cannot visit it, by means of the Service Bureau. Every- 
thing printed must not only be collected—which is get- 
ting the raw material—but catalogued and cross-in- 
dexed until the cows come home. Only by this means 
do books become finished library product. The work in 
hand is very great and, let us hope, it may never be 
finished. But with the growth and extension of this to 
a great library of applied science and with the clever 
indexing planned by the director of the contents of the 
immense literature as it appears, as well as that already 
of record, it is almost bewildering to consider the ben- 
efits which it may confer upon industry. 
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Rapid Analytical Filtering 
To the Editor of Metallurgical & Chemical Engineering 


Sir: In a busy laboratory where many filtrations are 
made each day, any means of increasing the speed of 
filtering and of folding the filter papers is most de- 
sirable. Very often the chemist will use a slow-filtering 
fold if he saves time and effort in making it. 

Undoubtedly the most rapid fold generally known at 
present is the so-called “four-fold.” When placed in the 
funnel the paper has four folds where the paper is three 
ply, between these the paper is of single thickness. For 
all classes of precipitates this fold has demonstrated 
its superior speed of filtration and is of especial advan- 
tage in the case of the gelatinous precipitates. 

It has, however, been rejected by many chemists for 
the filtering of such substances as barium sulphate and 
some sulphides on account of the tendency exhibited by 
these precipitates to go through a paper which is folded 
in this manner. This difficulty with the fold is due to 
the large number of creases and bends which have 
weakened and broken the paper to some extent. This 
is particularly true at the apex of the filter where the 
paper has been literally worn out by the bending. 

In carrying on metallurgical research in the Depart- 
ment of Mining and Metallurgy it was necessary at 
times to make very numerous filtrations. While en- 
deavoring to devise a press for creasing the filter papers 
quickly, the writer discovered a scheme for folding the 
“four-fold” filters which not only does away with the 
difficulty with fine precipitates but also affords a simple 
and rapid means of producing the fold. Inasmuch as 
it has met with a very warm welcome among chemists 
and metallurgists to whom it has been shown, the writer 
ventures to submit it to others who perhaps would also 
find it of advantage. 

The scheme consists in taking a circular piece of 
thin tough cardboard of the same size as (or larger 
than) the filter paper used, and folding it in the regu- 
lar “four-fold” manner, making the creases distinct. 
The filter paper is placed on the disc (held flat) so as to 
fit it uniformly, and the folds bent consecutively, hold- 
ing each fold in place while bending the next one. Two 
or more papers may (and preferably should) be folded 
at a time. A filter paper so folded has smooth round 
creases which do not extend to the center. 

A paper so folded is placed in a funnel, wet with 





FOLDING THE FOUR-FOLD FILTER 








cold water, and the upper edge firmly pressed to the 
glass. This is essential, for if air is drawn down during 
filtration, the effectiveness of the fold is materially de 
creased. 

Examination of a filter so folded and adjusted reveals 
a smooth flat apex and rounded creases just above it 
The objection stated above in filtering fine precipitates 
is overcome if a good grade of paper is being used and 
the filter gives a faster action than with the paper 
folded otherwise. The only sharp bends present are 
made while the paper is wet and therefore it is more 
pliable. 

The filters may be folded in this manner more quickly 
than the simpler double fold, and when two or three 
papers are folded simultaneously much time and effort 
are saved. 

One well-known brand of filter-papers is bound in 
packages with a cardboard disc above and below the 
papers. These discs are especially well suited to the 
purpose described and give a very long service. Per 
haps a piece of leather could be utilized. 

For the benefit of those who may not be acquainted 
with the “four-fold” filters, the following directions 
for folding are given: 

1. Bend the disc (or paper) 
sharpening the crease. 

2. Open dise and repeat bending, making the new 
crease at right angles and in same direction as the first. 
In other words, the ridges formed by the bends should 
both be on the same side of the paper. 

3. Open disc again, make a short crease mark at the 
edge of the paper midway between the terminals of 
any two adjacent creases. Make only one such mark 

4. Hold disc so that the ridges of the diametrical 
creases are on the upper side of the disc, and bring 
the crease mark up and over to the end of a diametrica! 
crease second away from it. Hold it there and squeeze 
dise together, making a new diametrical crease. 

5. Open disc again and make another bend at right 
angles to and in same direction as the last one. These 
last two bend ridges are thus on the opposite side of 
the paper from the first two. 

6. Open the disc and it is ready to be formed into a 
cone. The accompanying sketch shows a disc or filter 
folded according to the directions. 

HENRY M. SCHLEICHER, 


Massachusetts Institute of Technology, 
Cambridge, Mass 


once on a diameter, 





American Chemical Porcelain 
To the Editor of Metallurgical & Chemical Engineerin« 


Sir: Referring to the paper by Prof. Charles F. Binns 
on “Chemical Porcelain; Its Production and Quality.” 
published in your April 1 issue, I would like to call at- 
tention to some of the accomplishments of American- 
made porcelain in contradiction to a few of the asser- 
tions in Professor Binns’ paper. 

Early in 1913, the Golden plant of the Herold China 
& Pottery Company, which was then manufacturing ‘he 
first fire-proof china cooking utensils made in this 
country, was asked by the melting and refining depa't- 
ment of the U. S. Mint at Denver, Col., to make up 
porous cells for electrolytic work similar to cells they 
had been importing from the Royal Berlin factory in 
Germany. These cells were supplied, placed in use «nd 
found to last three times as long and give better re 
sults than the Berlin cells. Following this start an 
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order was accepted from the Colorado School of Mines 
for their porcelain requirements for 1913-14 and this 
ware proved fairly satisfactory. After the war started 
six months of research improved the chemical ware in 
resistance to heat, acids and alkalies. 

With these results new buildings, kilns and the very 
finest equipment were added and to-day this plant is 
producing monthly over 100,000 pieces of chemical porce- 
lain which is meeting the most exacting requirements 
of the chemists and is being shipped all over the world 
just as fast as it is being drawn from the kilns. 

The porcelain made at this plant to-day commands 
a very unique position in that it is made entirely from 
materials found within six miles of the plant at Golden 
and the pottery is different from all the other high- 
grade potteries in this country, in that it is equipped 
to cure and prepare all the raw materials used, while 
in the case of the other potteries they buy their mate- 
rials at points ranging from Maine to Florida and use 
a certain percentage of imported clay. With the excep- 
tion of the coal which comes from the Walsenburg dis- 
trict in Colorado the Golden plant is a complete unit. 

In comparative tests made with German, Danish 
and Japanese porcelains this porcelain has stood every 
test equally well. The impressions that the imported 
ware is superior and that we can not make chemical 
porcelain in the United States is wrong, and I venture 
to say that after the war the world will accept Ameri- 
can porcelain and glassware as standard. 

It is true that the finish and symmetry on U. S. A. 
chemical porcelain is not all that is desired, but this is 
due to no other cause than to the demand being so 
tremendous and urgent that the potteries are not able 
to get any stocks ahead and cannot make the selections 
now that they will be able to do later. 

There has been a great deal said about American 
porcelains not being fired to as high a temperature as 
the imported porcelains, but I have found it very in- 
teresting to take two pieces of each of these wares 
and fire them in a glass kiln with Coors ware and in 
every case the glass fused at the same temperature 
as Coors, and as the glaze must stand the highest fire 
there is no question in my mind that Coors porcelain 
is fired to equally as high a temperature as any other 
porcelain. 

During the past year the Golden plant has put forth 
great efforts in developing new items. It is the aim 
to assist in developing the chemical resources of this 
country by furnishing special porcelain apparatus which 
will be required. At the present time special attention 
is given to porous cells and plates for special problems 
in filtration and electrolytic processes, also to pyrometer 
and combustion tubing. 

CHAS. F. QUAINTANCE. 


erold China & Pottery Co., 
Golden, Col 


Potash Possibilities in Oregon 

T. the Editor of Metallurgical & Chemical Engineering 

ir: Speaking of the American potash famine, leads 
me to wonder if any might be found in this locality. 

‘nderlying this valley is a large quantity of water 
he.vily impregnated with calcium chloride with traces 
of potassium and sodium chlorides. It might be worth 
wh le for some one interested to investigate. I can send 
samples of the water to any desiring. 

EpGAR B. VANOSBEL. 


Minnville College 
McMinnville, Ore 


Sew Chemistry Building in Montana.—Montana 
St:te College is preparing plans for a new chemistry 
bu. ding to replace the one burned last October. 
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Coming Meetings and Events 


Technical Association of Pulp and Paper Industry, 
annual spring meeting, Neenah, Wis., May 24 and 25, 
1917. 

American Iron and Steel Institute, New York, May 
25-26, 1917. 


American Institute of Chemical Engineers, semi- 
annual meeting, Buffalo, June 20-22, 1917. 
American Society for Testing Materials, Atlantic 


City, June 26-30, 1917. 

Third National Exposition of Chemical Industries, 
Grand Central Palace, New York, week of Sept. 24, 
1917. 

American Institute of Metals and Foundrymen’s As- 
sociation, Boston, week of Sept. 24, 1917. 

American Electrochemical Society, autumn meeting, 
Pittsburgh, Oct. 3-6, 1917. 

American Institute of Mining Engineers, 
meeting, St. Louis, Oct. 8-13, 1917. 


annual 


Western Metallurgical Field 
Hallerite 


A very interesting mineral has lately been discov- 
ered in the southwestern part of Colorado, about six 
miles from Cortez, Montezuma County, Colorado. It 
was named “hallerite” after Jess Haller, the discoverer 
of the deposit. The mineral has aroused a great deal 
of interest due to the beneficial effects it produces when 
used as a flux in connection with the heat treatment of 
various metals and alloys. 

The mineral deposit aggregates approximately 4,- 
000,000 tons and is of a sedimentary formation. The 
region in which this material occurs was originally a 
lake out of which this mineral was deposited in strati- 
fied layers. Two types of mineral are observed which 
differ only in appearance but are of practically the same 
chemical composition. In general both materials are 
gray in color and show yellowish pink streaks or specks. 
The streaky mineral goes under the name of “Lena” 
the name being taken from the claim on which this rock 
occurs. The spotted type is known as “Red Speck.” 

The mineral from a chemical point of view is un- 
doubtedly an impure aluminium silicate. Analyses of 
the “Lena” and “Red Speck” products have been made 
by different concerns with similar results which are 
given below: 

Analysis No. 1, made by Von Shulz and Low, Denver, 
Colo., is as follows: Moisture, 0.65 per cent; combined 
water, 6.15 per cent; silica, 73.86 per cent; ferric oxide, 
2.25 per cent; alumina, 15.80 per cent; manganese ox- 
ide, trace; calcium oxide, 0.23 per cent; magnesium ox- 
ide, 0.38 per cent; sodium oxide, 0.16 per cent; potas- 
sium oxide, 0.14 per cent; undetermined, 0.38 per cent; 
total 100 per cent. 

Analysis No. 2, made by the Russell Chemical Com- 
pany, New York City, is as follows: Loss at 212 deg. 
Fahr., 0.50 per cent; loss through ignition, 9.32 per 
cent; silica, 71.80 per cent; alumina, 9.58 per cent; iron 
oxide, 1.43 per cent; manganese oxide, 1.18 per cent; 
calcium oxide, 6.53 per cent; magnesia, trace; sulphur 
anhydrite, trace; total, 100.34 per cent. In the loss of 
ignition carbon-dioxide constitutes 6.29 per cent, leav- 
ing 3.03 per cent to be accounted for. There may be 
some vanadium in the 9.58 per cent of alumina, other- 
wise the tendency to increase the tensile strength of 
the steel would probably lie in the manganese-oxide. 

Analysis No. 3, of “Red Speck,” by W. L. Piers of 
Denver, Colo., follows: Silica, 73.08 per cent; alumin- 
ium (oxide), 17.14 per cent; carbon dioxide, 3.02 per 
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cent; iron (oxide), 3.16 per cent; water, 1.30 per cent; 
magnesia, 0.64 per cent; vanadium V,O,, 0.20 per cent; 
potash, 0.64 per cent; sodium, 0.86 per cent; arsenic, 
0.72 per cent; uranium, trace; titanium, trace; gold, 
0.06 per cent; total 100.76 per cent. 

rasie | 


Pensite Srrenora Tests 


re 


r Cent rensile Strength 
Materia! Flux Used 


Lb. per Sq. In Remarks 
Cast iron None 26,140 
Cast iror None 21,130 
Cast iro ! 29,170 
Cast iror l 29, 230 
Grey cast No 19,160 
Carey cast 1 1 23,770 
Cast steel 
Low carbo N $5, 360 No flaw 
Low carbon I $5,030 Badly flawed 
Low carbor l 47.840 Bad core 
Low carbo: 10 40,050 Badly flawed 
High cart Non 44, 860 Flawed 
High carbor l 47,300 Flawed 
Brass Non 26,170 
Brass l 27 ,O7u 
Coppt Nor 18,800 
Copper l 19,830 
Aluminiur None 11,930 
Aluminiurn l 12,720 
TABLE II COMPRESSION TEST 
Kind of material, “Semi-steel.”’ 
Shape of test piece, cylinders 
Dimensions of test piece: P—length .997. diameter .751; T 
length .995, diameter .749. 
Pressure applied in what way’? On flat ends 
Total load at failure: P 60,590 Ib; T 63,430 
Load per square inch-lb 136,800 143,900 
Nature of failure, diagonal shear in each case (usual failure) 


The beneficial effects of this mineral on the heat treat- 
ment of steel was first observed in a forge at Cortez, 
where ordinary knife blades were so hardened by the 
treatment that they could be used for shaving. More 
scientific tests were then run on cast iron, steel, brass, 
copper and aluminium at the testing laboratory of the 
Colorado School of Mines. The results of the tensile 
strength tests are enumerated in Table I, standard test 
samples being used. 

A compression test on “semi-steel” is given in Table 
lI, where P stands for plain or untreated material, 
while T represents the test on the product treated with 
the flux. 

All the tests were, wherever flux was used, conducted 
in the same manner. The metal or alloy was first melted 
and then the flux added and stirred into the molten mass. 
The ratio of flux to metal with two exceptions was 1:10. 
In one test only was the ratio 10:100 and gave less sat- 
isfactory results than where the first ratio was em- 
ployed. In the compression test 4 ounces of hallerite 
were used for 40 lb. of steel. 

A few qualitative tests are also of interest. For in- 
stance, heating two similar pieces of tool steel to the 
same high temperature and quenching one in ordinary 
water and the other in water into which finely divided 
hallerite has been stirred, a much greater hardness is 
claimed to be obtained in the second case than in the 
first. Furthermore tempering two pieces of tool steel 
under exactly the same conditions, one in plain water 
and the other in water containing hallerite, produces 
some interesting results. In the first instance it took 
four blows of a hammer to break the steel while in the 
second 20 blows showed no effect. 

The action of the flux has not been satisfactorily ex- 
plained, but it is claimed that it is due to the deoxidiz- 
ing of the impurities. It may be, that the composition 
of the mineral is such that it produces a very flexible de- 
oxidizing effect. To explain: only so much of the de- 
oxidizing action comes into effect as is required to 
purify the metal. If only small amounts of impurities 
are present in 100 lb. of metal and 1 Ib. of flux is used 
in the treatment, only so much of the deoxidizing in- 
gredients are used as these impurities demand, while 
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more will be consumed if the 100 lb. of metal contain 
a greater amount of the non-desirable constituents. The 
effect of the flux will last until all of the deoxidizing 
substance or substances formed in the flux during 
treatment are used up. Without a doubt, the mineral 
is worthy of further investigation, and it may be of 
interest to state that the government is contemplatiyg 
the study and application of the mineral. 


Company Reports 


Report of the Hollinger Consolidated Gold Mines, Ltd. 
for 1916.—The mill treated 601,854 tons of ore for the 
year or 1649 tons per day. The average value per ton 
was $8.84. The total values sent to the mill amounted 
to $5,322,716.05. The percentage of the average run- 
ning time was 91.1 per cent. The average tons per 24 
hours running time was therefore 1810. The stamp 
duty per 24 hours’ running time was 16.7. The unre- 
covered values fall into two parts, lost concentrates and 
losses in the tailings. The first amounted to $7,367.00, 
while the latter aggregated to $241,958.00. The con- 
centrates mentioned were not actually lost but stored 
for re-treatment. The losses according to these data 
amount to $249,315.00. The total recovery for the year 
was $5,073,401.05, of which $5,046,651.75 is attributed 
to the gold and $26,749.30 to the silver. 

The value per ton of tailings was $0.40. The lime 
consumption was 2.113 lb., that of zinc 0.405 lb. and 
that of lead acetate 0.0042 Ib. per ton of ore. The tons of 
solution precipitated per ton of ore was 2.221. The zinc 
added per ton of ore amounted to 0.182 lb. The aver- 
age value of the pregnant solution was $3.782. 


The Employers’ Responsibility 
By J. W. Beckman 


It is a well known custom among employers in the 
chemical industry to tie up their employees with con- 
tracts by which all the products of the employee’s brain 
are assigned without any further consideration to the 
employer. 

In most cases the employee is pleased to do this, since 
it offers to him an opportunity to carry on work and 
gain experience which he is especially desirous of obtain- 
ing; not to mention the fact of his obtaining his liveli- 
hood according to a method which is intellectually most 
agreeable to him. 

When the employee signs such an agreement, he does 
not assign his body and soul to the employer. He has 
assigned a day, a year, or a number of years, as he sees 
fit, and also as the employer sees fit, to this special work. 

The employer has the liberty at any time to dis- 
charge his employees, with often scant notice. The 
employee has supposedly the same liberty of ceasing 
working for his employer, giving the employer due 
notice. 

The employee on leaving the employer carries with 
him the experience which he has gained during such 
employment. The employer has, for each day he has paid 
in salary, received zervice from the employee’s brain 
There has been a supposedly fair exchange in dollars 
and brains between the employer and the employee. 

The modern chemical employer in most cases belongs 
to a class of selfish, self-seeking individuals possessin: 
the wonderful sesame—the gold which gives him acces: 
to the inner chamber of all future employers of h:« 
employees. 

Now it so happens that some employers understan ! 
the value of intelligent employees. It also so happe 
that some employers are willing to pay well for suc® 
employees and so obtain the best of their services an‘ 
loyalty in every respect; but in contrast with the-« 
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there is a very large number of employers who appre- 
ciate in the silent chambers of their hearts the value of 
good brains, but are utterly unwilling to pay any com- 
pensatory sum for the services of this gray matter. 

Many employees there are who are willing, through 
selfish motives—primarily for the purpose of obtaining 
experience—to go to the employers and sell their brain 
at low figures; while simultaneously considering that 
their pay comes to them in the shape of experience 
which they could not obtain otherwise. 

In other cases the employee has started young in an 
organization and stayed with it continuously for many 
years. He feels a pride in the growth of the concern 
with which he is connected; and his ability is appre- 
ciated by the employer in an abstract way. From time 
to time his pay has been increased—never voluntarily, 
but only due to a refined blackmail—outside firms bid- 
ding for the employee's services. 

Like a piece of furniture that remains a long time 
in an office becomes one of the customary sights and is 
treated with disregard, so is often the case with an 
employee of long standing. He is not given due con- 
sideration; and one day when conditions humiliating 
and distracting pile up on him, he goes to the employer 
and announces his desire to abandon his position with 
the employer. There is a moment’s consternation in the 
employer’s mind, but he soon settles down placidly, since 
he knows that he holds the whip-hand. He knows that 
the employee depends on his recommendation for any 
future work that he may desire to obtain. 

Here is an example: An engineer had been employed 
for a great many years by a prominent firm. He started 
quite young in the organization, and through aptitude 
and perseverance has reached the very top of the de- 
partment in which he was employed. This specific em- 
ployer appreciated the experience his employee had 
obtained and also appreciated the value of this employee 
to his firm, though not in a way tangible to the employee. 

Many disagreeable occurrences were forgotten by the 
employee, partly on account of interest in his work and 
partly on account of the responsibilities toward those 
depending on him for their livelihood. 

One day the “straw that breaks the camel’s back” was 
thrust upon him and he went into his employer's office 
and told him that he desired to leave the company. The 
employer considered the matter and told him that he 
much preferred that he stay with him; but the employee 
persisted and started the quest for a new position. 

His relationship with his employer had always been 
agreeable and even the conversation, in which he noti- 
fied his employer that he was going to sever his con- 
nection, was in all respects agreeable. 

On applying for a position with various concerns, he 
naturally referred to his employer for reference. The 
employer unwilling to part with this employee’s services, 
and to prevent a possible competitor from obtaining the 
benefit of the experience of this employee, did not say 
anything distinctly detrimental in his letter of reply to 
various inquiries, but rather damned his employee by 
what he did not say. 

The result was that the employee did not obtain, and 
could not obtain, any position even approaching that 
which he had recently held. 

The employer held the whip-hand and used his posi- 
tion to rob the employee and his family of their legiti- 
mite bread and butter. 

it is just as likely that this employer contributes 
freely to the Belgian Relief Committee; but undoes, 
through these actions, at home what he is trying to do 
abroad. 

No employer can in this land of Freedom even lay 
claim to the right of ownership of his employees, be it 
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mental or physical. The employee, even if he stays with 
his employer for half a lifetime, has the right to demand 
of his employer fair treatment upon leaving such em- 
ployment, just as much as the employer has the right to 
demand a former employee to keep specific information 
which he may have obtained during prior employment 
secret, being property belonging to the former employer 
only; though experience is the employee’s, and no claim 
of any kind can be made on this by former employers. 
The relationship between employer and employee is, 
as in all relationships in life, a give-and-take. It is not 
one-sided. The employer’s responsibilities toward the 
employee are just as great, if not greater, than those of 
the employee toward the employer, be he present or past. 
San Francisco, Cal 


Safety in the Larger Sense 
By Fred. H. Rindge, Jr. 


These are days of great unrest in America. Labor 
and capital are at swords points in many places. But 
let us not be deceived. There is still more peace than 
strife in industry. There is a great undercurrent of 
mutuality, good-will, and it is having expression to-day 
in remarkable ways. 

Recently the vice-president of a great plant showed 
me a compensation plan that had just gone into opera- 
tion. On the death of an employee, even though he 
had worked for the company only two years, the wife 
receives during her life 30 per cent of his wages, and 
every child 10 per cent until the child becomes 16 years 
of age. But you will ask, “Is that a practical plan?” 
I don’t know, but as that big, robust vice-president sat 
there and told me about it there was a tear in his eye. 
Said he: “This plan went into operation the first of 
January. On the 3lst of December one of our men died, 
leaving a wife and three children under eight. He 
had been with us five years. We brought it up before 
our committee, and to a man they agreed that the benefit 
should be given the family, and that frail little wife 
received the assurance that as long as she lived (unless 
she remarried), she should have 30 per cent of the hus- 
band’s earnings, and another 10 per cent each for their 
three little children until they became 16 years of age. 
That spirit of mutuality is being manifested all over 
the country, and it is the best preventive of labor 
troubles and serious accidents.” 

This good-will is not all on the side of the employers 
by any means, for the men are just as capable of high 
motives. Not long ago, a worker in an Alabama coal 
mine saw an accident happen to a car going down grade. 
The danger was great. The man on the car jumped for 
his life. The car would certainly smash property down 
below and no one knew what else might happen. An- 
other employee leaped on the car, slipped the trolley 
pole, applied the brakes, and stopped the runaway, sav- 
ing property and probably life. He placed his own life 
in peril because of the spirit of good-will, and of mu- 
tuality that was in him. We want able-bodied men and 
labor-saving machinery, and all of the great inventions 
that it is possible for us to have, but the greatest need 
in industry is the releasing of the pent-up spiritual 
forces along right lines. The bringing together of men 
in closer contact with each other, as employer and em- 
ployee, will do more for the increase of efficiency, happi- 
ness and safety than anything else. 

A recent report of the National Civic Federation 
says: “Industry does not and cannot operate in a 
vacuum. It is a human activity. It must draw the 
breath of life from the surrounding atmosphere and 
must do its share to keep this social atmosphere clean, 
wholesome and buoyant.” 
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Not long ago I attended a meeting at which John D. 
Rockefeller, Jr., and Warren Stone, chief of the Brother- 
hood of Locomotive Engineers, spoke on the same 
Y. M. C. A. platform. After Mr. Rockefeller had fin- 
ished Mr. Stone said: “I can heartily agree with 
practically everything he has said.” After all, when 
labor and capital can see eye to eye they are not nearly 
so far apart as they think they are. In matters of 
safety and welfare they surely have a basis of agree- 
ment and a like interest. Both employer and employee 
must cooperate in this. 

Wherever there is steady progress new standards as 
steadily arise. Our industrial progress has brought 
many changes in standards, especially of organization, 
methods and machinery. At first these changes moved 
slowly like a succession of dissolving views, but now 
they make a veritable motion picture. This progress 
in organization, method and machinery, has been direct- 
ed in the main toward one objective—production. This 
has been the wonder word of industry and the rigid 
measure of success. The test of ability of manager, 
superintendent, foreman and workman, has been the 
output. It is this that got us last year $2 from the 
factories for every dollar from the farm. Of course 
this has meant pressure; every man in a responsible 
place in industry has felt it; the workers have felt 
it, too. 

The steel industry, for example, has always afforded 
a striking illustration of both output and pressure and 
Andrew Carnegie was an early illustrator. He was a 
master of production; he was also the prince of high 
pressure. When a manager wired him that they had 
beaten all records that week, Carnegie replied: “Why 
not do it every week?” It is a striking fact to-day, 
however, that industry is taking on a larger objective— 
it must have not only production, but efficiency in 
production. This, as I understand it, means the largest 
possible output with the smallest possible waste—of 
time, material or energy. Mr. Carnegie testified in 
Washington early in 1912 that now he would not do 
business exactly as he used to. Doubtless the changes 
he would make would include not less output but a 
lessening of the pressure and greater attention to the 
avoidance of waste—especially human waste. This 
means not only fewer accidents but a real conservation 
of the workers themselves. Yes, even more than this it 
means as one far-seeing manager expressed it, “Making 
men as well as profits.” 

Industry is saving material to-day as never before. 
I have just come from a coal mining territory where the 
State reports five years ago showed that 50 per cent 
of the coal was being wasted in mining. Now mines in 
that State are losing 8 per cent. It will not do in the 
future to destroy a ton of coal for every one marketed 
as is still being done in some fields. Organization, ma- 
chinery and method must be adjusted so as to market 
that ton of coal with the least possible loss of time, 
material and energy. Lumbermen, as another example, 
are no longer content with increasing the production. 
They are busy with conservation. They are preventing 
wastes by fire, by neglect and by unskilled handling. 
They are doing their best to reduce the waste in felling 
the trees and sawing the timber. And they are reforest- 
ing scientifically for the sake of the future. 

Industry is also guarding the time element more care- 
fully than ever. Every time-consuming feature that 
can be dispensed with is quickly cut off. There must 
be no lost motion. Scientific management has helped 
the man of the steel mill to handle 47% tons of pig 
iron a day who had been handling 12% tons. Industry 
has also felt the necessity for avoiding the waste of 
energy. How skillful we have become in wrestling the 
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heat units from escaping smoke, steam and sawdust. 
We are even taking the gas that used to spread over 
hill and valley, killing grass and leaf and flower, and 
are converting it into sulphuric acid, at great profit. 
At times the by-product has been more profitable than 
the copper metal. 

Genius has been shown in conserving material, time 
and energy, but how about the human element in in- 
dustry? Should not the new standard, Efficiency in 
Production, apply to the human factor as well as to the 
organization, machinery and material? Employers 
everywhere answer “yes.” They are beginning to put 
a premium upon that production which secures the maxi- 
mum output, with minimum waste of life, limb or hu- 
man welfare. 

The genius in industry which has given to the 
world the wonder of machine values is beginning 
to address itself to the more important if more diffi- 
cult subject of human value. This marks the dawning 
of industry’s brightest day. 

But just as formerly it was difficult to induce con- 
servative managements to discard old machines for new, 
so it is to-day with the new methods of dealing with 
the human factor. Progress is being made, however. 
Witness, the new standards of factory construction, the 
sanitation, the safety devices, and the new types of 
villages, housing, health measures, education, etc. 

But I believe many employers are failing to realize 
that safety is much more than a matter of devices, 
bulletins and committees. It is fundamentally a mat- 
ter of the spirit of the worker, and that in the last 
analysis means not only loyalty but personal character. 
We are coming to believe that improving of character 
increases efficiency, and we must now recognize that it 
also enhances safety in the largest sense. After all, 
the greatest forces in industry are like the electric 
current—unseen. Integrity, for example, cannot be 
reduced to a formula but it is a real financial factor. 
It will take a remarkable stopwatch and piecework sys- 
tem to offset the lack of integrity on the part of employ- 
ees whether it be dishonesty or careless indifference. 
Intelligence cannot be put under the microscope but the 
lack of it is bound to show in the dividend column. 
Some really see this. Others “having eyes see not.” 
The dollar and cent value of that intangible thing we 
call stability is and always has been great. An opera- 
tor in Virginia said recently that 50 per cent of his 
total cost of operation is in changing labor. One mill 
manager told me that in one year he hired 96 men to 
keep 12 positions. What a penalty industry pays for 
the floater! 

Mr. Charles R. Towson, senior secretary of the In 
dustrial Department of the International Y. M. C. A.. 
has well said: “The greatest of all these unseen forces 
is the good will of the worker. Suppose you could keep 
every worker on the job. Assume that there were no 
changes. What will it amount to if the spirit of the 
workers is not right? The spirit of the workers is 
industry’s greatest asset—or liability. This fact can 
not be stressed too much. The physical welfare of the 
worker should be of great concern to every employer 
for in no single industry can it be said of the worker: 
‘they are physically fit.’ The workers’ lack of intelli 
gence and training causes employers sleepless nights 
for regardless of whose fault it is, they are far from 
hundred per cent. But the greatest loss comes to i) 
dustry when the spirit is wrong. The sub-standar 
body costs industry its thousands; intelligence belo: 
par costs its tens of thousands; but what are these con 
pared with the loss that comes when the spirit of goo | 
will is lacking! Then comes careless neglect; the» 


‘withholding efficiency’; then open strife; then destru 
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tion. This is the day for a new estimate of spiritua/ 
values in industry.” 

This is one reason why the Young Men’s Christian 
Association is making such rapid strides in industry 
to-day. It helps men to do things for themselves. It 
works with both employer and employee. It is a char- 
acter-making agency. It avows its purpose to develop 
the creative and combat the destructive in the lives of 
the workers. It helps to get the greatest output with 
the smallest waste. Because it is a character develop- 
ing force it makes for efficiency. Modern industry’s 
call for efficiency must be answered in various ways 
and by different means, and the Association is just one 
of the agencies that can and does help. Of course its 
place in industry will be measured by its service. The 
Association’s present rapid extension in this realm is 
due to several peculiar features. 

All Round Service.—lIt affects the whole life, physical, 
mental, spiritual and social, and this means safety in 
the larger sense. “It is a high-grade, low-cost Young 
Men’s Club, Christian but non-sectarian. It is an Ath- 
letic Association that does not use men to promote 
athietics, but uses athletics to develop men. It is a 
night school for young men who work by day. It is 
home for men away from home. It helps men not only 
to help themselves but to help the other fellow. It is 
a place for a man to find friends and to make himself 
a friend to the man who needs a friend. It is the cen- 
ter of community life—a secial center in the best sense; 
it ministers to the health, education and morals of all 
the people. Its fellowship, club rooms, baths, dormi- 
tories, classes and all other practical advantages are 
open to men of all faiths or no faith.” It is not an 
experiment, but it is the survivor of many experiments. 

Adaptability.—It is adapted to all types and condi- 
tions. It can and does deal successfully with every 
group which it has thus far approached. Employees 
welcome it regardless of creed or condition. Religious 
differences are not a bar to either membership or the 
use of its privileges. Men of all creeds and no creeds 
are enrolled among the half million members in the 2500 
Associations in North America. Even among the non- 
English speaking the Association is working success- 
fully. It is serving the emigrants at European ports 
and at almost every large port of entry on the Atlantic 
Coast. There are 400 associations to-day rendering 
service to the foreigner, from the French Canadian 
of the Northern Lumber Country to the Mexican 
“Greaser” of the Southwest. 

It is Cooperative.—Employers and employees get to- 
gether. It works in the zone of agreements—not at- 
tempting to adjust disputes but to develop that spirit 
which, in some cases, prevents disputes from arising; 
ind when disputes have arisen it helps to allay irrita- 
tion. It helps to create the right state of mind and 

egets that good-will which finds a basis for the settle- 

ment of disputes. Employees always weleome the pro- 
posal to establish a Y. M. C. A. in connection with the 
ndustry—not every individual, of course, but the group 
as a whole. There has been no instance of their train- 
ng down the proposition to establish a modern Associa- 
tion of the approved industrial type, nor has there 
leen a failure as yet to continue the Association after 
‘ has been established. 

Employers approve the Association increasingly be- 


cause it affords a tried plan for expressing in a sane, 
practical and acceptable way something of their sense 
© responsibility for the best living, working and leisure 


nditions of employees—a mutually profitable plan that 
peals to the best that there is in both employer and 


employee. It is a real cooperation. 


Leadership and Supervision.—No work is undertaken 
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without a trained leader—a secretary who is representa- 
tive of the interests of both employer and employee. 
This, together with the supervision given through the 
State and International organizations is the best guar- 
antee of success. 

There is little ground for the fear sometimes ex- 
pressed that “The good may be the enemy of the best’’— 
that the Association may interfere with the progress 
of the various movements for bettering industrial con- 
ditions by serving as a salve to the conscience of em- 
ployers on the one hand or as an anesthetic to workers 
on the other. It is not installed by employers as an 
industrial lightning rod to avert strikes, nor is it 
regarded by the workers as a sop to induce silence. The 
employers who approve the Association are in the fore- 
front in both thought and action concerning industrial 
problems and no wage scale is lower and no worker 
less free because the Y. M. C. A. exists in an industry, 
but the contrary—at least in some instances. The As- 
sociation’s emphasis upon the highest character 
standards guarantees this. 

I have no desire to overemphasize the importance 
of agencies like the Y. M. C. A. in promoting good-will 
and safety in the largest sense and in emphasizing 
spiritual values. Increasingly, however, this organiza- 
tion is making its power felt not only in the varied 
industries of our largest cities, but in connection with 
the cotton, coal, lumber, iron and steel and many special 
industries. 

I have purposely mentioned this work of fostering 
“mutuality” before indicating a few of the many direct 
activities in the safety realm. The Association has 
given lectures to thousands of industrial workers on 
health, safety and clean living. Last year in Chicago 
alone 129,000 people, mostly foreign, attended 139 lec- 
tures in the public parks. Many of these included mo- 
tion pictures and stereopticon views on such subjects. 
Forty thousand foreign men are attending the Associa- 
tion’s English classes. This in itself is of course a great 
safety measure. Many an accident is caused by non- 
understandings of warnings or danger notices. In hun- 
dreds of these classes the safety idea and the larger 
ideals of right living are included in the instruction. 
In some railroad shops English is taught by stereopticon 
views of the safe and unsafe way of performing certain 
operations, with snappy sentences accompanying the 
illustrations. A great program of noon-hour recreation, 
games, athletic leagues, etc., has been promoted. Such 
activity has sent men back to work with renewed 
vigor, and an alertness which has surely prevented 
accidents. 

The nation-wide thrift campaign pushed by the Asso- 
ciation is in reality a great safety measure. Cartoons, 
lithographs, movies, stereopticon slides, talks, personal 
expense accounts, etc., are helping employees not only 
to save but to spend wisely. This means better home 
life, better surroundings, health, care of the children, 
less worry, more lasting habits of self-control. It is 
needless to indicate the importance of temperance and 
purity campaigns in relation to this whole question. 
The special work with boys is helping them to become 
in every way “safe” men. The inevitable work with 
women and girls helps make safe homes. Gardening 
contests and similar features have stimulated an interest 
in home life. A constructive hobby is good for every 
man and sends him back to work refreshed. “Socials” 
make men feel that life is more worth living—and 
therefore worth being “careful” to enjoy. More than 
one workman is hurt these days just because the 
ordinary hopelessness of life has given him the “don’t 
care” attitude. Hundreds of classes in hygiene and 
first aid meet not only in the Association building but 








554 METALLURGICAL 
in shops, mines, construction camps, labor unions, fire- 
engine houses, police stations, etc. 

The other day a shop superintendent proudly showed 
me his safety devices, his hospital equipment and his 
company doctor. “This is great,” I said. “But sup- 
pose a man gets hurt at home. Suppose he runs a nail 
in his foot, fails to use a good antiseptic, gets blood- 
poisoning and loses a few weeks work.” “Gee, I never 
thought of that,” he replied. In other words our shops 
need not only equipment but definite, sympathetic in- 
struction of foremen and workmen alike. Sometimes 
I think all our fine safety measures tend to make men 
careless and relieve them of a sense of personal re- 
sponsibility. We must teach every employee not only 
shop safety, but home safety, fundamental health, 
purity, and character ideals. Then we will really be solv- 
ing the problem in a larger sense. 

“Safety at first. means safety at last.”” This splendid 
motto, suggested in a recent number of Safety Engi- 
neering, applies not only to the shop life but to the 
whole life. In the final analysis implanting ideals of 
morality and high standards of character lies at the 
basis of all real safety. Right education, recreation and 
inspiration pays both employer and employee. 


The Zinc Resources of the Joplin - Miami 
District and the St. Louis Meeting of 
the A. I. M. E. 


To Mr. J. D. Robertson, chairman of the Publicit) 
Committee of the St. Louis Section of the American In- 
stitute of Mining Engineers, we are indebted for the 
six photographs of zinc mining in the Joplin-Miami dis- 
trict herewith reproduced. This district will be visited 
by the American Institute of Mining Engineers on the 
last two days of the St. Louis meeting to be held dur- 
ing the week from Oct. 8 to 13, 1917. 

Zinc is just now a very important metal. Of course, 
its use in cartridges and shrapnel brass is just now in 
the public eye. But its uses after the war are no less 
important. Brass as an engineering material for elec- 
trical machinery, journal bearings, and plumbing fix- 
tures takes fully 50 per cent of the production, and its 
use in these lines would have been increased in the last 
few years but for the price. Zinc is used for barbed 
wire probably more in wartime than in peace. In the 
composition of paints it is becoming more and more 
necessary. One of the forms of pigment, lithopone is 
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the base of nearly all interior wall paints as well as of 
all the sanitary enamels for bathrooms and bathtubs, 
and is now in great demand. Zinc oxide is also increas- 
ing in use for paint and for manufacture of linoleum. 

When it is realized that this district of Missouri, 
Oklahoma, Kansas and Arkansas produces now over one- 
third of the zinc ore of the world, it is at once seen 
that a meeting where the geology, mining, concentra- 
tion and smelting of this ore will be considered, and 
trips to Joplin, Mo., and Miami, Okla., made, as well 
as to some of the modern smelters where the sulphu- 
rous gases are turned into sulphuric acid, will not only 
be interesting, but at this time important. There will 
be shown the immense low-grade mines of Joplin and 
Webb City, Mo. Some mines produce ores with only 
1 per cent of zinc. Likewise, there will be also shown 
the high-grade mines of Miami, Oklahoma, where some 
of the mines are producing ore that nets 20 per cent zinc. 

The problems connected with the concentration are 
not so simple as they once looked. It is easy to get out 
the first 80 per cent of the value, but the treatment of 
the slimes is as yet a problem. Much is hoped for in 
the comparatively new process of flotation. The precise 
place of the new electrolytic process of recovering zinc 
is not yet known. It has proved successful in Mon- 
tana, and may be equally valuable in this district. It 
is hoped that the problem of getting the last few per 
cent of zinc out of the ore will be the subject of an 
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extended and profitable discussion at the St. Louis meet 
ing. 

The outline of the general arrangement of the St. 
Louis meeting of the American Institute of Mining En- 
gineers, as planned at present, is as follows: 


Monday, Oct. 8: 


Technical session. 
Boat ride to Herculaneum, Mo. 
Dinner on boat and social evening. 


Morning 
Afternoon 
Evening 


Tuesday, Oct. 9: 


Morning—Visits to plants in the vicinity of St. Louis 
and coal mines in Illinois. 

Afternoon—tTechnical session. 

Evening— Banquet. 


Wednesday, Oct. 10: 


Trip by special train to the Southeast Missouri lead 
district. (Illustrations and statistical data on this dis- 
trict were given in our issue of May i, 1917, on pages 
172 and 473.) 


Thursday, Oct. 11: 


Morning 
Afternoon 
Evening 


Visits to plants in the vicinity of St. Louis. 
Technical session. 
Leave by special train for Joplin and Tulsa. 
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CORNFIELD MILL, CARDIN, OKLA. 


Friday, Oct. 12, and Saturday, Oct. 13: 


A choice of one of three possibilities, noted below, 
will be given: 

1. Two days in the Tulsa area, including trips to an 
oil pool, refineries, gasoline plants, and a technical ses- 
sion. 

2. Two days in the Joplin-Miami district, including 
surface and underground trips, visit to the Pittsburg, 
Kans., coal field, and a technical session. 

3. One day in the Joplin-Miami district and one day 
in the Tulsa area. 


One Billion Gallons of Synthetic Gasoline 


in 1916* 
By Walter F. Rittman 


The market value of synthetic gasoline produced by 
cracking in the United States during 1917 will be 
sufficient to supply the Navy with ten superdread- 
naughts. In other words, one-fifth of the 3,000,000,000 
gal. to be produced will be made by cracking. 

By July 1 of the present year there will be in oper- 
ation in the United States 4,000,000 automobiles. Fi- 
nancial men, in considering the investment value of 
motor stocks, have for several years been dwelling 
upon the saturation point, but, despite this consider- 
ation, the demand for machines still keeps well ahead 
of the 40 per cent average yearly increase of past 
years. When the saturation point will be reached no- 
body knows. Responsible and successful automobile 
men maintain that the present increase in rate of pro- 
duction will keep up for years, and that after the 
present high prices of materials the price of cars can 
be so reduced that every family having an income over 
$1,000 may own a car. On this basis, the United 
States will have in the neighborhood of 10,000,000 
automobiles, two and one-half times the present num- 
ber. Assuming an annual life of five years per ma- 
chine, 10,000,000 cars means an annual replacement 
number equal to 2,000,000; i.e., our present rate of 
production. When one questions the correctness of 
the opinion of the automobile man who suggests the 
above figures, the answer is made that every predic- 
tion which the automobile man has heretofore made 
has been too conservative. An important considera- 
tion is the greatly increasing number of motor trucks 
necessary to replace the shortage in horses. As to 


*A paper read at the Kansas City meeting of the American 
Chemical Society, April, 1917 
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the influence on this industry of the United States’ 
entrance into the European war time will tell. 

Only the steel, lumber and clothing industries ex- 
ceed the automobile business in importance to-day. 
Detroit, the center of this new industry, has risen as 
a manufacturing center from sixteenth place in 1900 
to sixth place in 1914. In the United States over 500 
factories are to-day engaged in making different types 
of automobiles, and new companies of varying stabil- 
ity are announced each week. As a side light, it is 
interesting to observe the approximate annual upkeep 
involved in America’s automobile bill which is as 
follows: 

$500,000,000—Gasoline, 
500,000,000—Tires, 
300,000,000—Accessories, 
150,000,000—Garage Hire, 
150,000,000—Repairs. 

The number of automobiles in use in this country 
on Jan. 1 over the period of the past fifteen years is 
as follows: 


Year. Number of cars. 
ee 85,000 
Re ii pice a et 400,000 
. ree 600,000 
Le 677,000 
ee: 
eee 1,253,875 
1915... .. 1,754,570 
| ee 
WT sow wtlaow wa oe 3,250,000 
ere 4,750,000 


However, gasoline requirements are not limited to 
the above automobiles, but, in addition, tremendous 
quantities are exported, are used in motor boats, 
motorcycles, farm engines, chemical manufacture, 
cleaning establishments, etc., etc. The requirements 
per machine per annum vary with different users, 
some using on an average of less than a gallon a day, 
whereas, the public vehicle often uses as high as 10 
gal. a day. Statistics would indicate that the average 
consumption per car per annum approaches 500 gal. 

Of the various problems confronting the automobile 
industry, the motor fuel problem of the future has 
loomed up as the most important, but it would seem 
that this problem will temporarily, at least, be solved. 
Much discussion and attention is paid to the use of 
gasoline substitutes, such as alcohol, benzol, gasoline 
from natural gas, electricity, etc. All of these mate- 
rials are very valuable sources of power, and the ex- 
tent of their use is entirely a question of quantity pro- 
duced, and price. Alcohol is commercial when gaso- 
line exceeds 35 cents per gallon. This price, however, 
is based on ante-war prices, as every one realizes that 
the present price of alcohol makes it prohibitive. 
Benzol, when mixed with gasoline, makes a superior 
type of motor fuel, and here again it is entirely a 
question of the supply available. The figures of the 
best informed people in this field indicate a supply of 
benzol and light oils available equal to 100,000,000 
gal., which, it is observed, will fulfill less than 10 per 
cent of our motor fuel requirements, even though none 
of the benzol and similar materials were used for ex- 
plosives and other chemical purposes. 

Casing-head gasoline (gasoline from natural gas) 
is an item of considerable importance because it is so 
volatile and has such wide explosive limits that it can 
be blended with naphthas and thereby make available 
for motor use materials which were not available. 
The production of this material has been as follows, 
but this production, it may be remarked, will hardly 
supply more than one-tenth of our fuel requirements: 
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| eer sre ee 7,425,839 gal. 
ere eS 12,081,179 “ 
BETe 04 cence gerd 24,060,817 “ 
Pere Ter 42,652,632 “ 
Sn beads dweses 65,364,665 “ 
Bs dp ewes cence 125,000,000 “ 
AR 200,000,000 “ 


Much is heard of the kerosene carburetor, and the 
patent office holds thousands of carburetor patents. 
Professor Lucke of Columbia University rightly be- 
lieves that in the development of a commercial kero- 
sene carburetor it will not be a new invention, but a 
matter of a design utilizing parts from various patents 
or designs already developed that will solve the prob- 
lem. Practically no consideration has been paid to 
what is perhaps the most important factor militating 
against the use of kerosene; i.e. the question of ex- 
plosive limits. This will be discussed later. The car- 
buretors already invented surely embody all possible 
principles, so it would seem that from this time for- 
ward the problem is one of a design wherein ideas 
from different carburetors are brought together in a 
new form. A partial way out of the difficulty may be 
by reversion to the steam type of automobile in which 
heavier oil is used to generate the steam. 

The increase in the crude oil production of the 
United States during a period corresponding to the 
automobile figures previously given, is shown as fol- 
lows in barrels of 42 gal.: 


ETT 134,717,580 
1910............209,657,248 
Pen ccsenened 220,449,391 
1912............2282,986,044 
a ere 248,446,230 
ers 265,762,535 
eee es 281,104,104 
Pere 292,300,000 


The production of gasoline, also in barrels of 42 gal. 
has been: 


Sores ie 6,920,000 
1909. ..... 12,900,000 
ee 
Sere 41,600,000 
ee ee 54,760,000 
Estimated SE 70,000,000 


From these figures it will be observed that during 
the period from 1910 to 1917, when the number of 
automobiles increased eight fold, crude oil production 
grew but a little over one-third, and gasoline produc- 
tion increased four times, an order of magnitude com- 
parable with the growth in production of automo- 
biles. This increased productiog,of gasoline from a 
relatively constant quantity of crude oil is obviously 
the result: First, of taking a larger portion of motor 
fuel from the crude oil and calling it gasoline; and, 
second, of producing gasoline from heavier oils by 
cracking. 

The question naturally arises as to how much fur- 
ther into crude oil the petroieum man can cut in order 
to increase the supply of motor fuel. We have all ob- 
served the Baume gravity of gasoline decrease from 
the seventies to the fifties, which means an increase 
in the specific gravity from 0.700 to 0.778. But prac- 
tical motor men to-day believe that, with the present 
automobile carburetor and engine, gasoline containing 
heavier portions of the crude oil below 50 deg. Baume 
does not work efficiently. 

Scientific explanation of the fact can be found in a 
consideration of the explosive limits of various hydro- 
carbons. For every mixture of hydrocarbons and air. 


as is produced in the carburetor, there is a propor 
tion below which the mixture contains too small a 
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percentage of hydrocarbons to explode. There is also 
an upper limit above which the mixture contains too 
large a percentage of hydrocarbons to explode. Be- 
tween these two limits is the desired range in which 
the proper explosive mixture is formed. For instance, 
a mixture of natural gas and air containing below 5 
per cent of gas will not explode; also a mixture con- 
taining more than 11.5 per cent of gas will not ex- 
plode. Hence the explosive limits for mixtures or 
natural gas and air are between 5 per cent and 11.5 
per cent of gas. Similarly, the explosive limits for 
mixtures of gasoline vapor and air lie approximately 
between | and 4 10 per cent and 6 per cent of gasoline 
vapor. 

When the size and weight of petroleum molecules 
increase, the boiling point is raised. In other words, 
the higher the molecular weight, the heavier and less 
volatile is the material. Furthermore, as the volatil- 
ity of these hydrocarbons decreases, the limits for 
their explosive mixtures with air, below which noth- 
ing happens and above which there is a burning 
rather than an explosion, come closer and closer to- 
gether. 

Consequently, as we go from lighter petroleum 
products, such as gasoline, to heavier petroleum prod- 
ucts, such as kerosene, and up to materials boiling 
above 400 deg. F., the range for explosive mixtures of 
air and heavy hydrocarbon vapors becomes more and 
more narrow, until a point is reached where there is 
a great difficulty in adjusting the mechanical parts of 
the carburetor so that they deliver the proper explos- 
ive mixture. For example, suppose a mixture of 5 per 
cent hydrocarbon vapor and 95 per cent of air is the 
only possible explosive mixture for the vapors of a 
certain substance, how difficult, if not impossible, it 
would be to adjust a carburetor to deliver accurately 
and continuously that exact mixture. 

The result then is that when this heavy material, 
with narrow explosive limits, is used for fuel, there is 
slow burning rather than explosion, and only a part 
of the combustion occurs in the cylinder where it can 
be utilized. Therefore, it is questionable whether an 
efficient carburetor for heavy kerosene can be devised. 

Other suggested solutions of the motor fuel prob- 
lem involve the use of oil derived from coal, shale, 
peat and lignite. These will be immensely important 
sources of liquid fuel in the more remote future. 
Passing over the large supply of light oil possible 
from coal now burned without coking, which may 
amount to as much as a billion gallons of fuel per an- 
num, there are immense shale deposits in America, 
containing a volume of oil many times greater than 
that now known. Here the problem of obtaining mo- 
tor spirits from the oil will arise again and the solu- 
tion of it, as of our present problem, will necessitate 
cracking processes. 

Then, as now, the demand for motor spirits will run 
ahead of the supply obtainable by straight distilla- 
ion; and the iogical solution of our present motor 
fuel problem will be the logical solution in future 
‘roblems. The fundamental proposition is that when 
ne demand for gasoline doubles or trebles, while the 
amount of petroleum remains nearly constant, we 
nust make more gasoline from a given volume of crude 
il. The best evidence that this proposition furnishes 
ihe answer to our problem is the fact that cracking 
processes are now solving the problem. In other 
words, since 20 per cent of our gasoline is now being 
made by cracking, the price of gasoline would of 
necessity be much higher without this increased sup- 
ply. 

The chemical phenomena involved in the cracking 
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of heavy oils into lower boiling oils have been dis- 
cussed in considerabie detail in Bulletin No. 114, 
United States Bureau of Mines. Broadly speaking, 
and without consideration of relative merits, crack- 
ing processes may be classified under the five heads: 

(a) Liquid condition processes wherein oil is 
cracked as a liquid; 

(b) Gaseous condition 
cracked as a gas; 

(c) Processes wherein cracking is aided through 
the use of catalyzers; 

(d) Processes wherein the oil is mixed with steam, 
hydrogen, or other materials; 

(e) Combinations of the above four methods. 

The object of the present paper is not to discuss the 
technical nor the research side of cracking, but to in- 
dicate how real is this industrial operation to-day. 
During the present year, 1917, approximately 600,000,- 
000 gal. of cracked gasoline is being produced in the 
United States. It is estimated by competent authori- 
ties that the production of cracked gasoline in 1918 
will be 1,000,000,000 gal., and that by 1920 more gaso- 
line will be produced by cracking than by all other 
methods. Many people have been disappointed be- 
cause cracking processes have not reduced the price 
of gasoline materially, but they have failed to con- 
sider their tremendous benefit in keeping the price of 
gasoline from going 10 cents a gallon higher. Seven 
thousand automobiles a day require a cumulative sup- 
ply of motor fuels. Our crude oil production is not 
increasing. Kerosene carburetors as yet are not a fac- 
tor. The entire load is falling on the shoulders of 
cracked gasoline, and cracked gasoline promises to 
make light of its load. 


processes wherein oil is 


The Vosmaer Phenomenon* 
By William C. Moore 


A number of years ago a patent was taken out by 
A. Vosmaer, of Haarlem, Holland,’ for the production 
of light by means of a discharge between nickel wires 
serving as the secondary terminals of an induction 
coil. About the time of the expiration of this patent, 
a description of the phenomena involved was written 
by Vosmaer and published in the June, 1914, number 
of Metallurgical and Chemical Engineering.: In 
brief, when the wires used are of the correct size for 
the induction coil to which they are connected, and 
the distance between the ends of the wires is properly 
adjusted, the cathode wire fuses at the end, forming 
a small globule, which glows with high intrinsic bril- 
liancy. 

Through the kindness of Mr. David H. Browne, of 
the International Nickel Company, this laboratory re- 
ceived a supply of various sizes of nickel wire, with 
which Vosmaer’s experiments were repeated and ex- 
tended. For convenience, the results are designated 
as the “Vosmaer phenomenon.” 

With a coil giving a normal spark 3 in. (7.5 cm.) in 
length, the results noted in Table I were obtained. 

On increasing the distance between the electrodes 
the light from the cathode became less brilliant, and 
finally went over into a nickel spark. 

A 0.4 m.m. cathode and a 0.6 m.m. anode of nickel 
wire were now set up in a long glass tube closed at the 
end with rubber stoppers, the apparatus being so ar- 
ranged that the air could be exhausted and other gases 
admitted. On exhausting the air till the pressure 
” *A paper read at the Detroit meeting of the American Electro 
chemical Society, May, 1917. 


iEng. patent 21,877 (1899). 
“Vol. 12, p. 377. 
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within the tube was 10 m.m. of mercury, no sign of 
the Vosmaer phenomenon was noted. 

Instead, there was a violet glow over the entire 
length of both wires. On admitting air, the Vosmaer 
light appeared; the nickel cathode fused, formed a ball 
and apparently oxidized, and then began to glow. 
Again, an intensely hot spot was noted on the anode. 
On exhausting the tube while the coil was running, 


Taste I 


Kind and Size of Wire Anode Cathode 
(Diameter in m.m.) Phenomeno Phenomenon 


Ni 0.8 Ni 0.6 End melted formed ball; glowed 
intensely. 
Ni 0.6 Ni 0.8 No glow—(too large’) 
Ni 0.4 Ni0.4 Oxidized, formed ball, glowed 
| Reversing current caused other 
electrode to glow. 


Ni 0.4 Pt Pt. melted; ball formed: glow less 
intense than with Ni 
Ni 0.4 Small Fe Ball formed, larger than with Ni 
Glow less intense than with Ni 
Ni 0.4 C from Intensely hot spot |(C glows 
lead on anode 
pencil 
Ni 0.4 Intensely hot spot |\Vosmaer phenomenon 
on anode 


the Vosmaer light grew less brilliant and completely 
disappeared at 50 m.m. pressure. 

Before this, however, a violet glow began at the 
ends and gradually extended back along the wires. 

Readmission of air brought about a reappearance 
of the Vosmaer phenomenon; increasing the pressure 
above normal, however, seemed to have no effect. 

A series of experiments was now tried with differ- 
ent gases in the tube, using a 0.4 m.m. nickel wire 
cathode against a 0.6 m.m. nickel wire anode. 

When natural gas was used in the tube, the dis- 
charge decomposed the gas; at first, the spark was 
very luminous. The carbon deposit collected first on 
the cathode; later on the anode; finally, a carbon 
bridge was formed which short-circuited the spark 
gap. This carbon was finely divided; with a long gap, 
carbon was deposited on the walls of the tube; the 
spark then jumped to the tube wall. There was no 
indication of the Vosmaer phenomenon. 

With hydrogen chloride in the tube, the cathode was 
rapidly attacked and was soon destroyed, with the re- 
sultant formation of nickel chloride, in a very finely 
divided condition. There was some indication of the 
Vosmaer phenomenon. 

Nitrogen, prepared from ammonium chloride and 
sodium nitrite and dried by passing through sulphuric 
acid, was passed into the tube. On starting the in- 
duction coil, the Vosmaer light developed as usual at 
the cathode; the cathode, however, was rapidly at- 
tacked. The spark proper was greenish. The anode 
showed the Vosmaer phenomenon at first, but this was 
prevented by speeding up the interrupter. The nickel 
at the cathode had the appearance of boiling. 

On analyzing the above results, it seems that the 
following phenomena take place, in the order named, 
when the wires are of proper size and the gap is of 
the proper length: 

1. On turning on the current the cathode becomes 
intensely hot at its extreme end, and soon melts. 

2. The surface tension of the molten nickel is suffi- 
cient to draw the molten material up into a ball. 

3. While (1) and (2) are taking place the outer 
portion of the fused mass becomes oxidized. This 
oxide adheres very firmly to the nickel; as it appar- 
ently has a higher melting point than nickel (1450 
deg. C.),” the nickel is protected from further attack 
and so is not used up. An equilibrium temperature is 
therefore soon reached; the facts that the ball when 


*Bureau of Standards, Circular No. 7 (1910) 
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the energy is liberated is so much larger than the 
wire, and that the heat conductivity of nickel de- 
creases very rapidly with the temperature‘ cause this 
equilibrium temperature to attain a high value. The 
high emissivity of the nickel oxide layer’ explains the 
high intrinsic brilliancy of the little ball. 

On the other hand, if the nickel compound formed, 
does not adhere to the nickel, the nickel is attacked, 
as occurred when the experiment was run in hydrogen 
chloride; if a low melting compound is formed, as 
with nitrogen, the same thing occurs. 

On the electrical side, the conditions for the proper 
development of the Vosmaer light are not less interest- 
ing than on the chemical. In the article above re- 
ferred to, Vosmaer calls attention to the fact that the 
discharge we are discussing could be called a high- 
tension are discharge. The recent paper of Prof. 
W. G. Cady* on “Unstable States in Arc and Glow” 
contains a discussion of the transition from the glow 
to the are discharge, which would seem to apply here. 
The “Vosmaer phenomenon” is apparently a transition 
from the glow to the arc; the energy liberated at the 
cathode raises its temperature so that thermal ioniz- 
ation sets in. The ions so liberated ionize the air by 
impact; the positive particles so produced bombard 
the cathode, raising its temperature finally to what 
I have designated above as the “equilibrium temper- 
ature.” In line with this explanation, the disappear- 
ance of the Vosmaer !ight when the pressure is re- 
duced is easily understood. The mean free path of 
the ions becomes greater; so much ionization is there- 
fore not produced in the immediate vicinity of the 
cathode; as many positive particles cannot reach the 
cathode as formerly and no light is produced. 

The induction coil used required about 6 amperes 
at 6 volts. While no candlepower measurements were 
made, the total light emitted from the glowing cathode 
was less than that given by an ordinary 3-volt flash- 
light. It is thus seen that this glowing cathode is out 
of the question as an efficient light source. 


Dinner to M. C. Whitaker and F. J. 


Metzger 

At the Chemists’ Club on Wednesday evening, April 
25, the Chemical Engineering Society of Columbia Uni- 
versity held a dinner, at which former Professors M. 
C. Whitaker and F. J. Metzger were the guests of honor. 
The society presented to each of them a silver desk 
clock as a token of appreciation and gratitude for their 
work in building up the School of Chemical Engineering 
at Columbia, of which Professor Whitaker was the head. 

Mr. M. Landau, president of the society, introduced 
Dr. C. F. Chandler, the dean of the chemical profession 
in America, who acted as toastmaster. Dr. Whitaker, 
discussing the “industrial situation,” told about the 
problems which manufacturers must meet, due to the 
activity of enemy agents. Dr. Metzger gave a short talk 
on “chemical engineering.” Mr. A. F. Smithers and 
Mr. A. A. Haldenstein, seniors, both talked on Columbia. 

Prof. D. D. Jackson, acting head of the School of 
Chemical Engineering, discussed “preparedness for the 
chemical engineer.” Dr. J. Teeple gave the diners some 
excellent advice, when he responded to the toast, “things 
to remember.” Prof. M. T. Bogert, chairman of the 
National Research Council, spoke on “the chemist in 
the present crisis.” Professors Tucker and Neish 
each spoke in appreciation of Doctors Whitaker and 
Metzger. Much credit is due the dinner committee, of 
which Mr. E. C. Brueckmann was chairman. 








*Angell, Phys. Rev., 33, 421 (1911). 

‘Burgess & Foote: J. Wash. Acad., 4, 279-80 (1914). 

*Met. & Chem. Eng., 13, 866 (1915); Trans. Am. El. Chen 
Soc., 29 (1916). 
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Modern Concentration of Colorado 
Tungsten Ores 
By S. Fischer, Jr. 


Much has been said both for and against the tungsten 
milling practice of the Nederland district; however, 
nothing but praise and admiration remain from a visit 
to the recently erected tungsten mills. The rather un- 
sparing criticisms expressed by various writers in re- 
gard to the bad engineering features involved in the 
construction of the older mills were justified, but might 
have been less severe if the fact had been considered 
that Boulder County was primarily an unsuccessful gold 
and silver district. For many years the tungsten con- 
centrates were mistaken for magnetite, and discarded. 
Then when engineers of the Primos Chemical Co. dis- 
closed the value of the wasted material the whole situa- 
tion was altered. Old gold and silver mills were em- 
ployed as concentrators for tungsten ores. The machin- 
ery used originally for the concentration of gold ores 
had to perform the work for the concentration of the 
tufigsten ores. Very little was known at that time 
concerning the nature of tungsten ores, or what methods 
of concentration were best suited for the ore. Under 
the circumstances it is not surprising that the first 
mills installed showed errors in construction and that 
the efficiency of their operation was low. 

Few if any ore-dressing methods have ever developed 
so rapidly as those for the Colorado tungsten ores. As 
recently as March, 1916, there was really only one up- 
to-date tungsten mill, and this has since undergone 
some improvements. The increased demand for tung- 
sten in the Eastern market created a boom in the dis- 
trict, and it is mainly due to this fact that some half a 
dozen new mills have been installed throughout the 
locality. These, with few exceptions, may be classed as 
typical concentrators for ferberite ores. Only the new 
features introduced in the older mills will be discussed, 
as the detailed operations of these plants have already 
been treated in earlier articles. The new mills of 
the district will be covered as thoroughly as possible. 


General Line of Improvements 


The main error made in the older milling practice 
was in fine crushing at too early a stage. This re- 
sulted in the loss of much of the values in the slimes. 
The fundamental principles involved in modern practice 
are to grade the product according to size as it passes 
through the mill and to eliminate as much of the values 
from the various sizes as possible before subjecting the 
ore to fine grinding. These two factors aid in several 
directions. They give a higher recovery and reduce 
the area of the rag plant required for the treatment of 
the slimes. 

The substitution of rolls for the stamps and the in- 
stallation of jigs for collecting the coarse concentrates 
are the new features along the lines mentioned. An- 
other improvement practised in some instances is the 
lewatering of the overflow product from the Akins clas- 

fier before passing it over the slime tables. This last 
factor aids in the saving of water, which at times is 
of considerable importance, and also makes it possible 

handle the pulp more efficiently. Fig. 1 represents 
the flow sheet of a typical modern Colorado tungsten 
ore concentrating mill. 


STAMPS VERSUS ROLLS 


Most mill superintendents of the district concede that 
‘amps are unsatisfactory for the milling of ferberite 
ores, since they give too large a percentage of slimes at 
an undesirable time in the stage of the concentration, 


+ 


us creating losses. With the aid of impact screens, 
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on the other hand, rolls give a product which may then 
be sent to a jig, where the coarse concentrates are col- 
lected previous to ball-mill treatment. 


THE HARZ AND THE RICHARDS PULSATING JIG 


Jigging of the coarser materials preparatory to fine 
grinding is considered essential for the successful oper- 
ation of a Colorado tungsten ore concentrator. The 
question is what jig should be used. The pros and cons 
for each type of jig have been closely investigated, and 
the conclusions drawn by most engineers are that for 
present conditions, in which most of the ore handled is 
of a low-grade nature, fluctuating in its composition, 
the Harz jig, which has better adjustment in respect 
to the accumulations on the screen, is undoubtedly to be 
preferred. With the Harz jig it is possible to retain 
a large amount of ore on the screen over a long period 
of time; whereas the Richards apparatus does not per- 
mit this condition. 

Where rich ores are milled, however, as at the Wolf 
Tongue mill, the Richards type of jig works very sat- 
isfactorily. It may be said with certainty that the 
majority of the up-to-date mills use the Harz in prefer- 
ence to the Richards jig. 


DEISTER AND MONELL SLIMERS 


The probable explanation for the presence of the 
Monell slimers in the district is that these slimers 
were used in the gold and silver mills previous to the 
tungsten discovery. While these tables worked satis- 
factorily on free-milling gold and silver ores, their use 
in the dressing of ferberite ores is impractical. The 
very fine slimes produced in the tungsten mill cake on 
the Monell slimer and give a very low recovery. For 
this reason the Deister table, which gives a very suitable 
separation of the values from the slimed gangue, is 
found in practically all the new mills. 

The above mentioned apparatus are of such para- 
mount importance in the dressing of ferberite ores 
that it was considered essential to treat them sepa- 
rately. The other types of machines used will be dis- 
cussed under the head of each individual mill. 


The Wolf Tongue Mining Company’s Mill 


Since the Wolf Tongue mill is one of the oldest mills 
in the district having undergone the various develop- 
ments in connection with the tungsten ore-dressing 
methods, the present plant seems somewhat crowded. 
In spite of being handicapped by lack of space this mill 
has the reputation of being the best concentrator for 
ores containing more than 10 per cent tungstic acid 
(WO.). About 90 ner cent of all the ore treated is from 
the company’s own property. 

The ore undergoes the following steps in concentra- 
tion: All ores received at the mill are first weighed, 
and then placed in bins. Ores containing more than 
40 per cent tungstic acid are passed through a sampling 
crusher, and from here go to a sample cutter which takes 
a 10 per cent sample. The sample thus obtained is 
treated similarly to the low-grade samples taken in the 
mill, as will be explained below. If this type of ore is 
of “shipping grade” it is drawn from the bins, sacked, 
and shipped without milling. 

Ore of less than 40 per cent tungstic acid goes from 
the bins to a Blake crusher. From this crusher the 
material passes through rolls into the No. 1 elevator, 
which raises the product to a sample cutter. The sam- 
ple taken, 10 per cent of the total, is conveyed to a No. 
1 sample bin. If such a sample is more than 300 lb. in 
weight it is recut and a second 10 per cent sample is 
obtained, which goes to a No. 2 sample bin. It is then 
reduced by “splits” until a final sample of 1 Ib. is ob- 
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tained. This then is ground to 80 mesh in a cone 
grinder and is ready for the assayer. 

The 90 per cent of ore left after sampling goes to a 
\4-in. mesh trommel screen. The minus %4-in. mesh 
material drops on No. 2 elevator and goes directly to the 
jig bin. The plus %-in. mesh material passes through 
rolls onto the same elevator, and is collected in a storage 
bin, from which, when a sufficient amount of material 
has gathered, it is conducted by a No. 2 elevator to the 
jig bin. This bin then contains nothing above a %4-in. 
mesh. From the jig bin the crushed material passes 
through a second set of %4-in. mesh trommel screens. 
The plus %-in. mesh goes to a double unit Richards 


Ore from Mine 
Plat from Scales 


Receiving Bins 
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pulsator jig, and the minus %4-in. mesh product is 
screened in a 10-mesh trommel screen. The plus 10- 
mesh material goes to the Richards jig, and the minus 
10-mesh to a hydraulic or Richards launder jig. 

The Richards pulsator jig makes three products, one 
averaging 57 per cent tungstic acid, the second averag- 
ing 20 per cent and the third a hutch product of over 60 
per cent tungstic acid content. The jig tailings are de- 
watered, and this water is used at the rag plant. The 
tails go to the ball mill ore bin or battery ore bin, from 
which they pass through the main battery with 20-mesh 
screens to a hydraulic or Richards launder jig. The 
under flow from here passes to a 30-mesh Bunker Hill 
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classifier, the plus 30-mesh going to the No. 1 Card 
table, while the minus 30-mesh product goes to a 50- 
mesh Bunker Hill classifier. The plus 50-mesh passes 
onto Card table No. 2, while the minus 50-mesh ore con- 
tinues to a 100-mesh Bunker Hill classifier; the plus 
100-mesh product proceeds to Card table No. 3, while 
the minus 100-mesh material is treated on Card table 
No. 4. The overflow from the hydraulic is conducted 
to the slime distribution box, and from here is passed 
on to Card tables No. 4 and No. 5. 

All tables make a —60 per cent and a 20 per cent 
tungstic acid product, and a regrind sand; this latter 
passes to the No. 4 battery or to the ball mill. The re- 
grinding battery has a 30-mesh screen. The ball mill 
material goes to a Richards launder jig, from that point 
to a hydraulic. The jig gives a material of 50 per cent 
tungstic acid or better. The regrind battery product 
passes over Wilfley tables. The tails from the No. 1, 
No. 2 and No. 3 Cards are pumped to the “rag plant” by 
means of a centrifugal pump; while those of the No. 4 
and No. 5 Cards and the Wilfleys pass onto Monell 
slimers. These slimers yield two products, namely, con- 
centrates averaging 30 ner cent tungstic acid, and tails, 
the latter being pumped to the “rag plant” by a cen- 
trifugal pump. 

The “rag plant” consists of 72 tables, 5 ft. x 20 ft., 
arranged in three tiers of 24 tables each. The ore feed 
to these tables is similar as that to the Wilfley tables. 
The water current flowing over the canvas-covered tables 
should show a rolling motion. At the lower end of each 
tier of tables there is a continuous trough or launder 
which collects the concentrates from each set of tables. 
From time to time the ore-flow to the rag tables is 
stopped, and the concentrates washed into the launders 
with a hose. The richest concentrates are found in the 
top launder, the lowest in the third or last launder. 
The average tungstic acid content in the rag concen- 
trates is 30 per cent. It is seen from the above descrip- 
tion that all the slimes pass over sixty linear feet of 
canvas, giving ample time for a pretty thorough settling 
of the values. The slimes deprived of most of their 
values are discarded. All ore boxes in the “rag plant” 
are connected by pipes with a concrete settling tank 
which serves to catch the fines. 
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the stockings, which is then collected. When a sufficient 
amount of dust has accumulated from both machines 
it is sent through the mill as if it were ore. 

The claim is made that the stocking collector for the 
fines adds a considerable saving to the mill operation. 
All regrind sands may be cut out of the mill from any 
table when deemed necessary. All the ore boxes in the 
plant have overflow pipes, which go to settling tanks to 
catch the fines. There is also one high-speed Hendrie & 
Bolthoff Card table, which serves to re-treat such ores, 
where it is necessary to raise the grade. For emergency 
purposes the plant is equipped with one set of two two- 
compartment Harz jigs (18 in. x 32 in.). 

The full capacity of the plant is 75 tons per day, but 
at present it is treating only 40 to 50 tons daily. The 
grade of ore treated varies from 0 to 40 per cent 
tungstic acid. The latter figure, however, is far beyond 
the average mill run at the present time, as ores of 
such high tungstic acid content are becoming more and 
more scarce. The average mill run of the Wolf Tongue 
mill is probably in the vicinity of 10 per cent. The water 
rights of the mill are such that a lack of water is out of 
question. The piant is operated by electricity, which at 
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FIG. 3—-SAMPLING DEVICE AT THE MILL OF THE BOULDER 
TUNGSTEN PRODUCTS COMPANY 


the present time is bought from the Colorado Power Co. 
The mill, however, is equipped with its own power unit, 
so that it can supply its own electricity if conditions 
demand it. 

Some technical data may prove of value. The Wolf 
Tongue is able to produce anywhere from 500 lb. to 
three tons of concentrates per day, depending upon the 
richness and amount of ore treated. In general it may 
be said that all mills endeavor to produce a 60 per cent 
concentrate; this product calls for the highest prices in 
the market; higher concentration products bring no 
higher prices. 

The concentrates at the Wolf Tongue mill run as fol- 
lows: The first jig concentrates contain over 55 per cent 
tungstic acid; those of the first tables and slimers con- 
tain over 60 per cent; the second jig product, as well as 
the second concentrates, run approximately 20 per cent; 
the concentrates from the Monell slimers contain be- 
tween 30 per cent and 40 per cent tungstic acid, and 
the products obtained from the rag plant average 30 
per cent of the values. 

Ores containing over 50 per cent tungstic acid are 
ground and then sacked and shipped without further 
treatment. The discarded slimes contain from 0.25 to 
0.5 per cent tungstic acid. 

The concentrates produced at this plant are shipped 
to the Stirling Steel Co. of Latrobe, Pa. This firm is 
the parent company of the Wolf Tongue Mining Co. 
The products manufactured 
by the Stirling Steel Co. are 
sold to the Washington Steel 
& Ordnance Co. of Washing- 
ton, D. C. 


Mill of the Boulder Tung- 
sten Products Company 


The flow-sheet of this mill, 
which is situated at Tung- 
sten, Col. (Stevens Camp), is 
given in Fig. 2. Since the 
last description in METAL- 
LURGICAL & CHEMICAL ENGI- 
NEERING, Vol. XIV, p. 301 
March 15, 1916) the mill 
has undergone many changes. 
Not only has a rag plant been 
added to the equipment, but 
various new steps in the con- 
centration proper have been 
installed. 
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FIG. 4—CONCENTRATE DRYER 


ter, usually running below 5 per cent in tungstic acid. 
The capacity of the plant is from 25 to 30 tons a day, 
but at present a lower tonnage is handled. The aim of 
the plant is to have all concentrates containing 60 per 
cent tungstic acid. During the time of the tungsten 
boom, the mill produced from 1200 lb. to 1.5 tons of con- 
centrates per day. 

Since much of the ore treated at this mill is moist, 
Vezin samplers proved unsatisfactory, as they clogged 
very easily. The sampler devised to take the place of 
the Vezins which is generally used in the district con- 
sists of buckets moving on chains, the cut being taken 
parallel to the rolls. The design of such a sampler is 





The mill handles custom 
ores of a low-grade charac- 


FIG. 5—-TUNGSTEN (STEVENS CAMP) BOULDER CANON, COLO. 
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shown diagrammatically in Fig. 3. 
plers are used, one after the No. 1 rolls, which takes a 
0.1 cut of the total ore passing through the mill. 
sample then passes through a small set of rolls to a 
second sampler of the same type, which again takes a 
0.1 cut; this is the actual assay sample, while the rejects 
go to the mill bin as shown in the flow-sheet. 
ple taken from the mill bin through the automatic shak- 
ing feeder indicates what is actually milled during each 


METALLURGICAL AND CHEMICAL ENGINEERING 


563 





Two of these sam- are sacked in 125-lb. batches and the jig concentrates 
are put into sacks in 110-lb. lots. 

The reason why such an endeavor is made to produce 
60 per cent concentrates is that the company sells its 
product directly to the buyer, and does not ship it to 
concerns connected with the mill as various other mills 
in the district do. To obtain the maximum financial 
returns the product must be of the mentioned grade 
as the purchases are made on the basis of 60 per cent. 


The 


The sam- 








day even though 
there be some ore 
left in the mill bin 
from the previous 
day. 

The No. 1, No. 2 
and the Card table 
have a Wilfley top 
and a Card motion. 
The rag table, which 
is a straight Wilfley, 
has been installed to 
treat the “rag plant” 
concentrates and 
bring them up to a 
60 per cent product. 
An interesting fea- 
ture in the plant is 
the installation of a 
Frue vanner to han- 
dle the middlings 
from the rag table. 
The Frue vanner 
concentrates are 
clean and run 60 per 
cent tungstic acid. 
The tails from this 
unit go to the ele- 
vator back to the 
rag plant. The Frue 
vanner has proven a 
saving item. 

The dryer univer- 
sally used at the 
Nederland mills con- 
sists of an ordinary 
stove with a grate 
for the fuel, which 
is surrounded by a 
jacket perforated at 
the bottom, shown 
in Fig. 4. The wet 
concentrates are 
charged into these 
jackets and come 
into contact with the 
hot stove. When 
the concentrates 
are discharged 
through the perfora- 
tions in the jacket, 
allowed to cool and 
then sacked ready 
for shipment. 

he concentrates 
are sacked as fol- 
lows: The Vanner, 
Deister and rag ta- 
ble concentrates are 
packed in sacks 
Weighing 120 Ib.; 
the No. 1 and No. 2 
table concentrates 
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Motor No. 1, 50 HP. drives 8, 10, 12, 13 and 15. 
Motor No. 2, 50 HP. drives 6, 19 to 29 and 36 to 38. 


FIG. 6—-VASCO MILL FLOW-SHEET 
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i Vasco No. 5 tunnel. 18 | 50-ton mill bin. 36 | 36” Akins classifier. 
2 | Mine car. 19 | Plunger feeder. 37 | 4 ft. x 3 ft. ball mill 
3 Track scale. 20 | 12° bucket elevator. 38 | 8” bucket elevator. 
la Custom ore wagon. 21 | 27x14 McFarlane parallel rolls. 39 | Wilfley concentrator. 
3b Wagon scale 22 | 27x14 McFarlane parallel rolls. 40 | Card concentrator. 
4 Receiving bins. 23 | 36°x72”" revolving screen, 4 mesh. 41 | Card concentrator. 
5 Ore push cart. 24 | 36°x72* revolving screen, 10 mesh. 42 Card slime concentrator 
6 5'x6' platform elevator. 25 | 36°x72” revolving screen, 20 mesh. 43 | Card slime concentrator. 
7 Grizzly, \" spaces. 26 | Harz 3-compartment jig bed, 10 44 Card slime concentrator. 
Ss 11x7 Samson crusher. mesh. 45 | Card slime concentrator. 
) Grizzly, \" s 2S. 27 | Harz 3-compartment jig bed, 10 46 | Centrifugal pump. 
10 16x9 universal crusher. mesh. 47 | Canvas tables. 
il Stationary screen, \” square 28 | Harz 3-compartment jig bed, 30 48 | Centrifugal pump. 
openings. mesh. 49 | Impounding basin. 
12 27x14 McFarlane parallel rolls. 29 | 8” bucket elevator. 50 | Drainage bins. 
13 10” bucket elevator. 30 Flood hydraulic classifiers. 51 | Concentrates drying stove. 
15 36” dia. Vezin sampler, 1 scoop, 31) Bunker Hill screen, 30 mesh. 52 | Concentrates drying stove. 
cuts 1-20 part. 32) Bunker Hill screen, 50 mesh. 53 | Concentrates sacking. 
16 Sample bins. 33 | Bunker Hill screen, 100 mesh. 55 | Concentrates storage. 
17 Settlement bins. 34 | 8-ft. Callow dewatering tank. 56 | Concentrates shipping. 
17a Sampled ores removed from mill 35 | 8-ft. Callow dewatering tank. 60! Suction pipe from creek. 
61 Mill water clarifying basin. 62 Triplex geared power pump. 63 & 64 Mill and fire service tanks. 


Motor No. 3, 15 HP. drives 39 to 46 and 48. 
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The whole plant impresses one as being run very care- 
fully and on an efficient basis. 


The Mills of the Vasco Mining Company 


This company owns two mills. The Boyd Hill mill, 
situated at Boulder, is a replica of the Wolf Tongue 
mill, so that no further description is necessary; it may 
be noted, however, that its full capacity is 30 tons of 
ore per 24 hours, the mill flow varying between 2 and 
15 per cent tungstic acid. The concentrates obtained at 
this concentrator run between 55 and 60 per cent tung- 
stic acid, and after sacking are shipped to the Vanadium 
Alloys Co. of Pittsburgh, Pa. 

The new mill of the company is situated at Tungsten, 
Col., not far from the mill of the Boulder Tungsten 
Products Co. It is known as the Vasco mill. Fig. 5 
shows Tungsten, Col., with the Boulder Tungsten Prod- 
ucts Co.’s mill in the foreground and the Vasco mill 
in the center of the picture. The p'ant was designed to 
handle 100 tons of ore daily, but at the present time 
about 30 tons of ore only are treated in 24 hours. 

The layout of the mill is illustrated in Fig. 6 and 
needs no further comment. It may prove interesting 
to know, however, that the Sampson crusher gives a 
product of 1'4-in. size. The Universal crusher reduces 
the over size of the second Grizzly to %4 in. The Mc- 
Farlane rolls produce a %¢-in. product, which then is 
elevated to the fine ore bins. 

The mill was designed to handle low-grade ores, ma- 
terials as low as 0.1 per cent tungstic acid having been 
successfully treated. The general average of the ore 
probably lies between 0.7 to 2.5 per cent. 

The great drawback of this well constructed mill is 
the scarcity of water for the treatment of the ores. One 
notes at once upon going through the mill the impure 
water flowing over the tables and mixing with the con- 
centrates. The result without a doubt is a lower grade 
of the finished product. However, since the mill sends 





METALLURGICAL AND CHEMICAL ENGINEERING 





VoL. XVI, No. 10 


its concentrates to the Vanadium Alloys Co., as does 
the Boyd mill, it is not so vital a question for the com- 
pany to produce a 60 per cent product. Should the com- 
pany have to sell the concentrates in the open market it 
is very doubtful whether the product could compete with 
that of other mills working under more favorable water 
conditions. 

The method used for obtaining water for concentra- 
tion is illustrated in Fig. 7. The water is taken from 
the creek. It filters through a bed of sand and gravel, 
and then passes through a perforated pipe into a sump 
from which the clear water overflows into a well 15 ft. 
deep. It is then pumped into a tank from which point 
it flows to the mill. The pipe used lies 4 ft. below the 
bed of the creek and is 12 in. in diameter. 

The great difficulty encountered with this system is 
that the top layer of sand soon becomes covered with a 
sticky slime, thus preventing efficient filtration. It is 
necessary to remove this layer from time to time by 
shoveling, but, at the best, some of this fine material 
escapes into the water going to the mill. When the 
creek is low the conditions are even more difficult to 
handle. Greatest care must then be exercised to prevent 
any loss of water. 

It would seem that from the point of efficiency me- 
chanical thickeners used in the water system would be 
of great value. The water passing through the mill 
could be clarified by this means; the results would be 
a higher grade of concentrates, thus saving the expendi- 
ture of shipping so much gangue material East. The 
concentrates of this mill run between 40 and 50 per cent 
tungstic acid instead of the general 60 per cent. 

The flow-sheet in general is similar in principle to 
all of the newer mills of the district. A new piece of 
machinery encountered in this mill is the Flood hydrau- 
lic classifier. This classifier takes the undersize of the 
last trommel screen from which it makes two spigot 
products and an overflow. The overflow goes to the 
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Callow cones. The first spigot product goes to a Wilfley 
table directly, while the second passes first through a 
set of Bunker Hill screens and then proceeds to two 
Card and one slime concentrator. 

All the concentrates made in the mill primary to dry- 
ing are collected in a set of drainage bins. The “rag 
plant” concentrates are not retreated, but go to the 
drainage bins as such. In general, it may be said that 
the mill is capaciously built, allowing room for enlarge- 
ment and improvement, but as regards water conditions 
is unfortunately situated. The writer has been informed 
of contemplated changes, which will result in this mill 
being of the same types as that of Wolf Tongue mill at 
Nederland. 


Mills of the Primos Chemical Co. 


This company owns two plants in the district. The 
old mill is located at Lakewood, about four miles from 
Nederland. The new concentrator is located at Cope- 
land on the Moffat Road about six miles from Rollins- 
ville. 

Unfortunately the owners exclude visitors from their 
plant, for which reason it is difficult to make more than 
general statements concerning these mills. The attitude 
of the company is due probably to the fact that they do 
not wish minor details, which aid in the increased ex- 
traction of the values from the ore, to become public. 

The most guarded secret in every mill of the district 
is the actual percentage extraction made on the ore 
milled. Competition between the individual mills is 
rather sharp and because of the present high cost of 
tungsten each additional per cent extracted from the 
ores means a considerable increase in profits for the 
respective companies. 

With a few modifications, it is understood throughout 
the district, both of the mills are built along the same 
lines as the mill of the Boulder Tungsten Products Co. 
at Tungsten. The Lakewood plant was erected to hand!e 
50 tons of ore per day, while that at Coneland has a 
capacity of 40 tons. The Lakewood mill handles custom 
ores varying in tungstic acid content from very low to 
40 per cent. The Copeland plant, on the other hand, 
treats ores from the company’s own properties which 
contain from 1 to 6 per cent tungstic acid. The concen- 
trates from both mills are high-grade and are shipped 
East to the company’s own refining plants where they 
produce tungstic acid of very good quality. The “rag 
plant” of the Lakewood concentrator has an area of 
12,000 ft., which was used to full capacity before rolls 
and jigs were installed. This latter installation dimin- 
ished the canvas required for successful treatment from 
one-half to three-quarters of the initial area and gave 
a decided increase in the extraction. 

It is to be regretted that the members of the Primos 
Chemical Co. are so reluctant in resnect to giving in- 
formation, for there are undoubtedly few who could 
give more valuable information on the metallurgy of 
tungsten than they. As the Lakewood mill is one of the 

lder mills of the district, it has undergone all the 
changes which has brought it up to the high standard 
which it now holds. The pros and cons for the changes 
made could probably fill a book and would be of great 
value in the metallurgy of tungsten. 


The Degge-Clark Mill 


This mill is situated in the Boulder Canon and has 
daily capacity of 25 tons. The average grade ore 
treated runs 7 per cent tungstic acid, but ores running 
high as 70 per cent in the values are received at the 
mill from the company’s own property at Beaver Creek. 
‘he concentrates obtained are high-grade. 
The general principles embodied in the construction 
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of this mill are those of the mills of the Primos Chem- 
ical Co. and the Boulder Tungsten Production Co., all 
of these having been built by the Colorado Iron Works. 
The ore passes over grizzlies, through Blake crushers, 
are sampled and passed through rolls. Elevators, a 
Harz jig, Callow cones, Akins classifier, Wilfley and 
Card tables are employed similarly as in the mills men- 
tioned, and the slimes are passed over rag tables. 

The mill besides handling its own ores also does cus- 
tom ore work. This mill originally was the old Colum 
mill before it was remodeled as a tungsten concentra- 
tor. 

(To be continued) 





A Convenient and Inexpensive Electric Fur- 
nace for High Temperatures 
By A. W. Fahrenwald 


An electric furnace in which can be obtained a tem- 
perature up to the melting point of platinum is almost 
an indispensable piece of apparatus in any laboratory. 
A suitable one is not easily obtained at a price that is 
not prohibitive. A platinum resistance furnace is suit- 
able for temperatures up to possibly 1600 deg. C., but 
is better suited for temperatures not exceeding 1300 deg. 
C., as above this temperature it does not hold up long. 
Without great care a furnace of this type will be burned 
out, and owing to the cost of platinum it is practically 
out of the question, and especially so when the furnace 
is in the hands of one who does not realize its limit 
of usefulness. 

Resistance furnaces of nickel and some alloys, as ni- 
chrome, for example, are suitable for temperatures up 
to 1000 and 1100 deg. C., and then they do not last for 
any great length of time. 

All furnaces the heat in which is produced by the 
resistance offered to the passage of an electric current 
have certain desirable features, such as: 1, rapidity 
with which they can be heated up; 2, they are under 
perfect control; and 3, a uniform and constant tempera- 
ture can be maintained. All these features are com- 
bined in the furnace shown in Fig. 1, which is simple 
in construction, and inexpensive, also comparatively 
long-lived. The heating unit of this furnace, Fig. 3, 
is a helix of Acheson graphite made by sawing around 
the tube, the material sawed out being replaced with 
alundun cement, which forms then a solid tube which 
is comparatively strong and can be handled with ease 
without breaking. The alundun cement also insulates 
one turn from the other and prevents gases from passing 
through the helix. This is essentially a springlike 
structure, and if stretched out would give a film of 
graphite 20 feet or more in length, and % times 4 in. 
or more in cross-section, depending upon the size of 
furnace. The one illustrated requires from 25 to 30 
amperes at 100 volts for temperatures ranging from 
1100 to 1500 deg. C. Temperatures up to 2000 deg. C. 
are readily obtained. 

This furnace, in principle, is essentially the same as 
that of Arsem,’ but is not so complicated and is not 
used in a vacuum, which is inconvenient for most ex- 
perimental work. Instead of using the graphite resist- 
ance coil in a vacuum it is confined in a space between 
alundun tubes—graphite tubes may be used—to or from 
which gases cannot readily pass, and in which the gas 
constitutes an atmosphere in which the resistor element 
is chemically in equilibrium. The gases present and 
surrounding the resistor are chiefly carbon monoxide 
and nitrogen. 


'U. S. Patent No. 785,535, March 21, 1905 
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The body of the furnace is inexpensive and simple in 
construction, and if, when put together, the joints are 
plastered with alundum cement, it is practically impos- 
sible for air to find its way to the graphite resistor, 
which is readily oxidizable in air above a red heat. 

In this furnace, Fig. 1, I have made 36 heats ranging 
tn temperature from 1100 to 1600 deg. C., each for a 
period of five hours, making 180 hours of service. The 
furnace is apparently in good shape yet, and I am not 
‘prepared to state how long such a heating unit will 
last. However, when it gives way a new one is readily 
put in its place by removing the top iron plate, the fire- 
clay plate, and top electrode immediately below it. Also 
the inner alundun tube, if necessary. The new unit, 
which costs from 75c. to $1.00, is placed in and the 
furnace assembled, which takes abcut one hour’s time. 

Some of the points of advantage of this furnace are: 

l. It is inexpensive. 

2. Simple in construction. 

3. A worn-out heating unit can readily be replaced 
by a new one. 

4. High temperatures can be easily obtained. 

5. A uniform and constant temperature can be main- 
tained. 

6. The temperature is under absolute control. 

A tube furnace can be made exactly similar to Fig. 1. 


Department of Metallurgy, 
New Mexico State School of Mines 
Locorro, N. M 








= > 
K Ki 4 A 
+ K > we 
¥ S ; ~ 
\ SS ‘ se 
Ry KS > ‘ 
X= RSS a 
‘ : 
. 
Fig. 3 
Fig. 2 
fir ~ poe ~ —~ ) 
t} +4 q 
ag { te 
| SSS ; ASS 4 
i" r SOR, 
ti ; i+ 
All ps 73 
] — 
ii x i 
: i] 
; - | 
Hi = | 
4 we i 
jax 
i . tbe |p i 
, le et < Se, 
i ; 7 3 on ove SS > 
i 2 DML TI | qT 
Ff 7 
} f t 
i! ui 
Prvrerbrrr prs rprewemenpperrpr eyes rel | prrres vrerner pe rps pe rosypppner > sr sven ryt soeseres 
Fig. 1 
7 ™& + =F P ANN oom > } = -k ¢ | BEOREOPOOREES | MANN AWAY 
aeeees = CSS) SSS Ec:cssSy AQ Qgyg 
MgO Asbestos Craphite Alundum Fire Clay Iron 
0 1” 9” 


AND CHEMICAL ENGINEERING 





VoL. XVI, No. 10 


Annual Meeting of the Chemists’ Club 


The annual meeting of the Chemists’ Club was held 
at the clubhouse, 52 East Forty-first Street, New York, 
on Wednesday evening, May 2. The president, M. C. 
Whitaker, presided. 

The report of the secretary, J. R. M. Klotz, contained 
some interesting announcements. The membership of 
the club is now about 1410 as compared with 1291 a 
year ago. The club has been fortunate in coming into 
possession during the year of 309 shares of the Chem- 
ists’ Building Company stock, which company owns the 
building. This makes a total of 669 shares which the 
club now owns in its cwn name. Some additional shares 
were offered at the meeting which will raise this num- 
ber somewhat. The announcement was made of the re- 
establishment of the club paper “The Percolator,” due 
to the generosity of Dr. Edward Weston. 

The treasurer, Henry M. Toch reported that the club 
indebtedness of over $13,000 had been wiped out and in 
addition over $4,000 had been invested by the club. 

A proposal to lease the adjoining property to provide 
additional guest rooms was referred to the Board of 
Trustees with power to act. 

Calls received by the employment bureau in 1915 were 
100 per cent greater than in 1914 and in 1916 were 10 
per cent greater than in 1915. Forty-four per cent of 
the calls received in 1916 were filled. So far in 1917 
calls are running about 20 per cent over 1916. The 
number of men registered in 1916 was 978. 

The announcement was made of the awarding during 
the year of the Victor Bloede and William Hoffmann 
scholarships which had been founded last year. 

The president, M. C. Whitaker, resident vice-president 
G. W. Thompson, secretary, J. R. M. Klotz, and treas- 
urer, Henry M. Toch, were re-elected for the coming 
year. W. D. Bancroft was elected non-resident vice- 
president and David W. Jayne and John H. Teeple were 
elected to the Board of Trustees. 

Following the regular meeting a special meeting of 
the trustees was held and food and entertainment was 
provided to enliven the occasion following the meetings. 

The announcements made showing the club’s progress 
were very gratifying and the meeting was thoroughly 
enjoyed by all those who attended. 





Tin Smelter for Chile-—Compania Chilena de Fun- 
dicion de Estano (Chilean Tin Smelting Company) has 
been organized with capital of £50,000 (243,000) to es- 
tablish a smelter in the port of Africa, Chile. It will 
smelt tin concentrates from Bolivia. The committee of 
engineers having charge of the installation of this 
smelter is composed of Guillermo Yunge, Durward Cope- 
land and Richard Gabler. Tin ingots 99.75 per cent fine 
will be made. 

Resolutions on the Use of Platinum.—In addition 
to the resolutions passed at the recent meeting of the 
American Chemical Society at its Kansas City meet- 
ing, urging women not to wear platinum, the Platinum 
Committee of the Jewelers’ Vigilance Committee has 
passed resolutions recommending to all manufacturing 
and retail jewelers that they discourage the manufac- 
ture, sale and use of platinum. The National Academy 
of Science has passed resolutions similar to those of 
the American Chemical Society. The needs of the gov- 
ernment itself for platinum will undoubtedly be met 
during the present war with great sacrifice. While the 


government itself uses comparatively little platinum. 
our sulphuric-acid industry, especially for the strong 
acid used in the production of high explosives, is de- 
pendent upon it, while its high price makes it almost! 
prohibitive for scientific research. 
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Spring Meeting of American Electrochemical Society 
at Detroit, Mich. 





The thirty-first general meeting of the American 
Electrochemical Society, held in Detroit, Mich., from 
Wednesday, May 2, to Saturday, May 5, will always be 
remembered as one of the most profitable and most 
enjoyable held by the Society. With the country at 
war, there was a natural serious background to all 
the proceedings, even to the jolly merriment of the 
incomparable smoker of Section Q. There were ex- 
cellent papers, with some good and animated discussion, 
though almost too many papers had been crowded into 
the four technical sessions. From the very beginning 
to the end there was manifest a get-together spirit that 
reminded one of the far-away days of fifteen years ago 
when this society was founded. The Detroit meeting 
more than any other was characterized by a getting 
together of electrochemists and 
electrical engineers in an enlight- 
ened spirit of mutual helpfulness. 

Mr. Edwin L. Crosby of the 
Detroit Edison Company, as chair- 
man of the local committee, was 
untiring in making everybody feel 
at home. Not a word too much 
was said when the official vote of 
thanks at the end of the meeting 
spoke of him as the “efficient and 
genial” chairman; and all com- 
mittees worked with such smooth- 
ness and efficiency that it was 
hard to say whether the careful- 
ness of making the arrangements 
or the accuracy of execution were 
more to be admired. The execu- 
tive committee consisted of 
Messrs. S. L. Bigelow, E. C. Bur- 
dick, A. D. Cowperthwait, John 
Cranston, J. L. Dixon, Y. F. Hard- 
castle, E. G. Henderson, B. K. 
Koering, A. L. Marsh, E. M. 
Schmelz, R. S. Stewart and F. 
T. F. Stephenson. The reception 
committee consisted of Messrs. J. 
D. Noyes, E. J. Posselius, R. S. 
Stewart and P. J. Savage. The transportation committee 
consisted of Messrs. J. M. O’Dea, A. D. McLay, John 
Kruesi, H. M. Lane, H. E. Lowe and A. J. Duke. The 
ladies’ committee, which had arranged a most enjoyable 
program for the entertainment of visiting ladies, con- 
sisted of Mrs. Edwin L. Crosby, Mrs. Ward D. Dygert 
and Mrs. John D. Noyes. Special credit is due to Miss 
Edna J. Raybould, who, as secretary to the committee on 
arrangements, answered endless questions with inde- 
fatigable good nature. 

On Wednesday evening there was an enjoyable “get- 
together” subscription white-fish dinner at the road- 
house “West Wood.” On Friday evening an address was 
to have been delivered by the distinguished president of 
the Detroit Edison Company, Mr. Alex Dow, on “Elec- 
trical Power from Coal.” Unfortunately, Mr. Dow was 
detained East, and the lecture had to be called off. A 
theater party (Treasure Island) was _ substituted. 
Thursday evening was the night of the smoker. 

The Smoker 

The smoker held on the roof garden of the Hotel 

Tuller, on Thursday night, was the most elaborate and 
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unique smoker ever held anywhere. That much must 
be acknowledged, and was officially acknowledged at 
the end of the whole meeting in the vote of thanks, 
in which for the first time the existence of the unoffi- 
cial Section Q was officially recognized. The smoker 
committee consisted of Messrs. W. D. Dygert, W. J. 
Fitzgerald, W. L. Granger, C. F. Hirshfeld, L. H. Gumm 
and W. F. Bartels, but Mr. Edwin L. Crosby and Mr. F. 
A. Lidbury also had a great deal to do with it; and as 
to the performance, there is not a man in the United 
States that could have equalled Mr. David Sowers of 
Buffalo in the special part he took. It’s a pity that it 
cannot all be told here. 

For the entire evening “all discussion regarding de- 
pressing subjects such as war, delivery on electrical 
apparatus, price of electrodes, 
etc.,” was officially forbidden. 
But there was a wireless station 
working in the room, and war bul- 
letins and other bulletins were put 
on the screen. 

There were refreshments and 
songs and poetry, real Section Q 
poetry. In a songbook most cf the 
Section Q productions had been 
collected since 1908 (but any col- 
lection without Sue is incomplete), 
and a great deal of new poetry for 
the Detroit meeting had been 
added. There were many personal 
hits, but nobody cared, and our 
New York friends who were re- 
sponsible for the unfortunate ball- 
room smoker at the last New York 
meeting have asked us to quote the 
last two lines of the song “to make 
the punishment fit the crime”: 
“And our New York collection of 

plutocrat dubs is sentenced 

to sit through a smoker 
FINK When there’s nothing to do, and 
no one knows Sue, and Coho’s 
the principal joker.” 

And there was a brand-new ballad of the Q 23 as to 
how the Eastern members traveled by submarine to 
Detroit. (“We stopped for ballast at Syracuse, And 
loaded her down with Doc Mathews; But when we 
started we found his weight Somewhat exceeded our 
estimate. Way down, totally submerged, Way down, 
with just our periscope emerged—So we steered her 
south to Ithaca and picked up Wilder D. As expert on 
flotation to the Q 23.”) Bulletins on the screen an- 
nounced the stops of the trip and the safe arrival. 

More refreshments and songs and bulletins came, and 
more songs and more bulletins, and then came the 
crowning success of the evening, a play entitled “Re- 
search in Hell,” a flight in two tail slides and one spiral 
drive, a futurist impression of Mephistopheles’ Research 
Laboratory (electric furnace used by consent of all 
applicants for patents at U. S. Patent Office). It was 
wonderful. We are not sure which was greater, whether 
the united Detroit & Niagara imagination that invented 
plot and poetry, or the execution of the performers, from 
Hinckley’s Mephistopheles down to the ammeters and 
voltmeters actuated by Seede’s and Turnbull’s electrode 
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GROENWALL-DIXON FURNACE 


regulators. It ended with the coronation of Sir Joseph, 
N.C.B., and there we leave it. 


Visits to Industrial Plants 


On the afternoon of Wednesday a very enjoyable visit 
was paid to the automobile factory of Dodge Brothers, 
where the whole evolution of the Dodge car was. seen 
at a glance. Of particular interest was the electric 
japanning oven employed there (to which the paper 
by Professor Hirshfeld, presented in the Friday ses- 
sion, and printed later in this report, referred). At 
the end of the visit there were two moving-picture 
shows, one relating to a Pacific Coast trip of a Dodge 
car under very trying and difficult circumstances, the 
other to the use of automobiles for military service. 

Smaller parties to the Ford plant and the Packard 
plant had been arranged for Friday. 

The afternoon of Friday was entirely devoted to 
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a visit to the two electric steel plants of Detroit, that 
of the Michigan Steel Castings Co. and that of John A. 
Crowley Co. 

At the Michigan Steel Castings Co. two Heroult fur- 
naces are in operation, one of 6 tons and the other of 
3 tons capacity. As to the method of operation and 
the results obtained, the reader may be referred to the 
paper by Mr. R. F. Flinterman on a following page. To 
Mr. Flinterman, president of the Michigan Steel Cast- 
ings Co., our thanks are due for courtesies received dur- 
ing the visit. 

At the John A. Crowley Co.’s plant a Groenwall-Dixon 
furnace of 5-ton capacity is in operation, while a larger 
furnace of 10 tons is in course of construction. This 
is the well-known Groenwall furnace as improved by 
Mr. J. L. Dixon, and it was our particular pleasure to 
have Mr. Dixon as guide through the plant. The John 
A. Crowley Co. controls the U. S. and Canadian patents 
of the Groenwall-Dixon furnace. 

A photograph and drawings of this furnace are here- 
with reproduced. It was started in operation in July, 
1915, and on July 22, 1916, the anniversary of the in- 
itial heat was duly celebrated. During the first year 
5000 tons of chrome-vanadium steel, nickel-chrome steel, 
nickel steel, and other steels had been made in the 
furnace, and the design had come up fully to expecta- 
tions in every respect. 

The furnace is operated by two-phase currents, and 
has four top electrodes, two of them being connected to 
one phase, the other two to the other phase, while the 
neutral point of the two-phase system is connected to 
the bottom. The bottom electrode is of carbon, and is 
protected from the metal by being embedded under the 
lining. 

While the furnate is operated on a two-phase system, 
a three-phase supply is taken through two banks of 
transformers and changed to two-phase by a modified 
Scott connection. The heats average four to five hours, 
with a specific consumption of 460 to 600 kw.-hours per 
ton, depending on’ the kind of scrap used, the degree 


wae = _— = 


i > 
—————— 


te ae = 5 ee Eg TP 


vi 
¥ 
=. 
 onth 


| \ ee OP 


ESS Eee 





DIAGRAM OF GROENWALL-DIXON ELECTRIC STEEL FURNACE 














May 15, 1917 


of refining desired, etc. Our sincere thanks for courte- 
sies received are due to Mr. Dixon. 

Mr. Marcy extended an invitation to visit the Air Re- 
duction Company’s plant (oxygen from liquid air) and 
Mr. Quaintance had at the Hotel Statler a fine exhibit 
of Herold chemical porcelain. 


Annual Business Meeting 


The annual business meeting was called to order on 
Thursday morning by President F. A. J. FITZGERALD in 
the ballroom of the Hotel Statler. 

The secretary, Dr. Joseph W. Richards, read the re- 
ports of the Board of Directors and of the Membership 
Committee. On motion of Mr. Lidbury, seconded by 
Dr. Fink, the thanks of the society were extended to 
the chairman of the Membership Committee, Dr. 
Schluederberg, for his most efficient work during the 
past year. 


Election of Officers 


The result of the election of officers for the coming 
year was then announced as follows: 

Dr. Colin G. Fink, head of the Research Laboratory 
of the Edison Lamp Works, General Electric Co., Har- 
rison, N. J., is the new president. 

Mr. H. C. Parmelee, president of the Colorado School 
of Mines, Golden, Col.; Dr. F. C. Frary, Oldbury Elec- 
trochemical Co., Niagara Falls, N. Y., and John Wood 
Beckman, Great Western Electrochemical Co., San 
Francisco, Cal., were elected vice-presidents. 

Mr. L. E. Saunders, general manager Norton Co., Ni- 
agara Falls, N. Y.; Dr. John A. Mathews, president 
Haleomb Steel Co., Syracuse, N. Y., and Mr. A. T. 
Hinckley, National Carbon Co, Niagara Falls, N. Y., 
were elected managers. 

Mr. Pedro G. Salom of Philadelphia, Pa., was re- 
elected treasurer, and Dr. Joseph W. Richards of Le- 
high University, Bethlehem, Pa., was re-elected sec- 
retary. 

Dr. Colin G. Fink, the new president, was born in 
New Jersey on December 31, 1881. He graduated at 
Columbia in 1903, and then spent four years in the 
Ostwald laboratory at Leipzig. Here he obtained his 
doctor’s degree in February, 1907, “summa cum laude.” 
During his last year at Leipzig he was assistant in 
electrochemistry. Upon his return to America he en- 
tered the General Electric Research Laboratory of 
Dr. Whitney at Schenectady, and there devoted himself 
in particular to the metallurgy of tungsten. His discov- 
ery of “ductile” tungsten was announced for the first 
time at the American Electrochemical Society, meeting 
at Pittsburgh in May, 1910. He introduced the tungs- 
ten wire process at the Edison Lamp Works of the Gen- 
eral Electric Co. at Harrison in 1910, and has been 
connected with these works ever since. He is in 
charge of the research laboratory there. One of the 
important products of his laboratory is the platinum 
substitute leading-in wire, a compound copper or cobalt 
wire with a corrected expansion coefficient (Engl. pat. 
No. 23,775). This wire has been in universal use for a 
number of years, and the conservation of platinum 
mounts to millions of dollars per vear. 


Resolutions on Water Power and Niagara Power 
Legislation 

The chief business transacted during the business 
ession was the unanimous adoption of a resolution on 
vater power legislation and of a resolution on Niagara 
ower legislation. These two resolutions had been 
riginally prepared by the Committee on Public Rela- 
ions, had been adopted after thorough discussion with 
ome modifications by the Board of Directors, and were 
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now finally adopted by the society as a whole. The 
two resolutions read as follows: 


WATER POWER LEGISLATION 


“In legislation affecting water power the American 
Electrochemical Society wishes to point out why pri- 
mary consideration should be given to the needs of 
electrochemical industries. 

“(1) The electrochemical industries, upon whose 
products many of the principal industries of the coun- 
try entirely rely, depend in their turn (with the excep- 
tion of certain branches, such as steel melting, some 
metal refining, etc.) upon an ample supply of power at 
prices such as are made possible by hydro-electric gen 
eration. 

“(2) The dependence of general industries on elec 
trochemical products is so great, and the industrial im- 
provement made possible by these products is so far 
reaching, that the use of water power for electrochem- 
ical purposes benefits the people as a whole. 

“(3) Recent advances in steam engineering have 
brought about a condition in which it is, in most cases, 
no longer economical to employ water power for pur- 
poses which do not utilize the power to its full extent 
all the time; and considerations of conservation also 
demand that power generated from waterfalls be 
utilized completely all the time, and not be used inter- 
mittently. 

“(4) Electrochemical industries are able to absorb 
such power fully and continuously, and only for this 
class of load, as a rule, is the utilization of water power 
now economical. Therefore its use in this way benefits 
the people as a whole far more than does its local use 
for domestic purposes, street railways and lighting, and 
other ordinary power purposes. 

“Most of these electrochemical industries are at pres- 
ent suffering from an extreme shortage of developed 
water power, and as a consequence they are now un- 
able to supply the urgent demands upon them, a con- 
dition which will result in giving to other countries 
an advantage over the United States in the manufac- 
ture of products of vital necessity, in times both of 
peace and war. 

“(5) It also appears probable that the time is not far 
distant when this country must rely on the fixation of 
atmospheric nitrogen to render it independent of ex- 
ternal sources of nitric acid for the manufacture of 
military explosives, and possibly for the production 
of fertilizers needed to maintain its food supply. The 
immediate impediment to the development in the 
United States of processes already working commer 
cially abroad has been the scarcity of cheap power. 

“In view of the mutual dependence of the futures, 
respectively, of these electrochemical industries and the 
development of water power in this country, and the 
great importance of the matter to the nation as a whole, 
the American Electrochemical Society believes that no 
legislation affecting water power should be enacted 
without giving a careful hearing to the electrochemists 
of the country.” 


NIAGARA POWER LEGISLATION 


“The immediate future of a major portion of 
our electrochemical industries depends on a consider- 
able extension of power generated at Niagara Falls 
more than upon any other factor. The interests of all 
—scenic beauty, navigation, and industry—are suffer- 
ing from the absence of positive action based upon the 
co-operation of all concerned, both in the United States 
and Canada. The American Electrochemical Society 
believes that it has been sufficiently demonstrated that 
means can be devised for the utilization of far larger 
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quantities of water for power at Niagara Falls than are 
at present allowed by the treaty, under conditions 
which will not only maintain the scenic beauty of the 
Falls, but will at the same time prevent the steady 
deterioration of the spectacle due to the uncontrolled 
natural erosion of the Horseshoe Falls, and will assist 
in the improvement of navigation in the upper Niagara 
and Lake Erie. (See Appendix by J. L. Harper.) 

“The American Electrochemical Society therefore 
suggests the formation of a joint commission contain- 
ing representatives, from both the United States and 
Canada, of the government engineers and of organiza- 
tions interested respectively in the preservation of 
scenic beauty, in navigation, in electrochemistry, in 
power development, and so forth, and respectfully re- 
quests the administration of the United States Govern- 
ment to take the initial steps toward the organization 
of such a commission, or to take such other action as 
may best forward the investigation urged by General 
Black and indorsed by the Secretary of War.” 

Both reports were unanimously adopted as reports of 
the society as a whole. 

Of the, numerous appendices of the two reports 
adopted, the appendix on the Suicide of the Niagara 
Horseshoe Falls, by John Lyell Harper, deserves par- 
ticularly general attention and is herewith reproduced 
in full. 


The Suicide of the Niagara Horseshoe Falls 
By John Lyell Harper 

A map of Niagara Falls and the Niagara River has 
recently been brought to the writer’s attention as giv- 
ing the best illustration possible of the extent and 
character of the recession of the Horseshoe Falls. This 
old map was made under the direction of Colonel Brad- 
street of the British Army in the year 1764, and is ina 
fine state of preservation. 

The map accompanying this article gives the location 
of the crest of the Falls in 1764, together with the loca- 
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tions of the crest at later dates, and shows at a glance 
the conditions obtaining. 

The change in appearance of the Horseshoe Fall has 
always been noticeable within the span of an ordinary 
lifetime, but passed without serious concern until the 
subject was taken up by those who imputed this change 
to the diversion of water for power purposes, though it 
would seem obvious that, with the lengthening of the 
crest of the cataract, even an undiminished volume 
of water would not cover it as deeply as when it was 
shorter. 

Noting the location and character of the recessions 
shown on the accompanying map, which have been at 
the average rate of 6 ft. per year for 150 years, it may 
be easily determined that the depletion of the cataract 
on the sides cf the Horseshoe is due almost entirely to 
the cumulative effect of a constantly increasing volume 
of water in the center of the river, causing a constantly 
increasing recession at that point and a more rapid 
deepening of the river there. 

As early as 1908, when government engineers were 
making an investigation to determine the effect upon 
scenic grandeur of a diversion of water from the river, 
a report was made by Major Charles Keller to the Chief 
of Engineers of the United States Army, and incorpo- 
rated in Senate Document No. 105, Sixty-second Con- 
gress, which states as follows: 

“While the preceding conclusion as to the effect pro- 
duced upon the Falls by existing diversion is a state- 
ment of opinion based upon ascertained facts, the inter- 
ests of justice seem to demand the further statement 
that, in my opinion, the damage already done, and that 
which may be anticipated from further diversions and 
from the impending fall in the level of Lake Erie, may 
be largely, if not entirely, remedied by a submerged 
dam placed in the bed of the river immediately above 
the Horseshoe Fall. The dam, if properly planned, 
would serve to change the direction of the flow so as 
to increase the streams that feed the Falls at Terrapin 











+ 7 4 * 
y\ CREST LINE 


@ HORSESHOE FALL 


1764... 
1642... 
1875... 
1890... 
1905... 
916 .. 


1800 FT. 
. 2030 FT. 
. 2350 FT 
. 2750 FT 
. 2850 FT. 
. 3020 FT 








MAP OF NIAGARA FALLS, SHOWING SUICIDE OF HORSESHOE FALLS 











May 15, 1917 





METALLURGICAL 





Point and at the Canadian shore. The decrease in the 
mighty volume that overflows the center of the apex of 
the Horseshoe would not be noticeable. A very 
direct result of the construction of this submerged dam 
would be a diminution in the rate of recession of the 
apex of the Horseshoe. This in itself is extremely 
desirable.” 

It is not probable that Major Keller at that time as- 
sumed to determine the only way of accomplishing the 
result, but it is apparent from his report that the fact 
could have been placed then fully before Congress if a 
complete report had been required of him. 

Another report made in September, 1911, by Lieu- 
tenant Colonel C. S. Riche of the United States Lake 
Survey Office states as follows: 

“A large part of the water descending the Horseshoe 
Fall passes over the center or apex. The recession of 
this portion of the crest line, due to the enormous flow, 
is progressing at a rate of about 5 ft. per year. In 
turn, the overflow is becoming more concentrated, and 
the depths on other portions of the crest are necessarily 
being decreased. Gage relations indicate that the 
surplus over the apex is drawn principally from the 
Canadian shore. Since 1906 the effect has been a 
lowering, at mean stages, of 4% ft. over the west end 
of the Fall.” 

An entire cessation of diversions from the river would 
not retard the recession of the Horseshoe, but would 
rather accelerate it. In fact, no negative action by the 
government will accomplish a remedy, but a positive 
action must be taken. 

Niagara Falls, “bone-dry,” and with a total water 
diversion for power purposes is, of course, an interest- 
ing picture drawn as a reason for opposing any com- 
mercial development, but to those whose lives and 
energies are daily in contact with the mighty cataract 
it represents as unattainable a limit in one direction 
as does the entire absence of development a wasteful 
limit in the other direction. 

Any observer of the Niagara River during the winter 
season, when almost its entire surface is covered with 
masses of floating ice, will appreciate that a large per- 
centage of the outflow of the river must be reserved, 
either joyfully or grudgingly as the case may be, for 
the disposal of this ice. Otherwise, if allowed to stop 
it would gorge the river all the way to Lake Erie, shut- 
ting off the water until it was melted by the heat of the 
sun in the spring. An estimate of 40 per cent of the 
volume of the river for ice transportation seems to be 
reasonable; therefore, under the maximum proper de- 
velopment, this 40 per cent of the total amount of water 
would be continuously available for the production of 
scenic effects. It may be interesting to consider what 
can be done with it. 

The American Fall, with its 1000 ft. of crest, now 
discharges about 5 per cent of the volume of the river 
and, in the opinion of many, produces at least 25 per 
cent of the spectacle. This Fall would be maintained 
in the same condition as it is at present. Then 35 per 
cent of the river could be discharged over the 3000 ft. 
of crest of the Horseshoe Fall, and would make a cata- 
ract three times as long and twice as deep as the present 
American Fall. 

The scenic effect of this permanent re-establishment 
would, undoubtedly, be more pleasing than the present 
one, where at least 75 per cent of the water passes over 
a part of the crest barely visible to the observer 
and is useless for any purpose, scenic or otherwise. 

The particular method of distributing the water 
evenly over the crest of the Horseshoe Fall cannot be 
determined with exactitude without full and competent 
study, but it should be accomplished by means of in- 
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visible deflectors of such form that there would be no 
artificial structure visible to the eye. In other words, 
a perfect distribution should be the only requirement, 
the means and methods being left to the engineering 
representatives of the governments of the United States 
and Canada, under the supervision of future and pres- 
ent commissions having jurisdiction in these matters. 

General Black, in his report to a congressional com- 
mittee under date of Jan. 30, 1917, has amplified the 
previous statements of Major Keller, and the following 
paragraph is taken from his report :— 

“In the Falls of Niagara the world has one of its 
grandest and most majestic national wonders. Also it 
has there a source of power practically unexcelled in 
amount and convenience of location. There is no ques- 
tion but that, while the beauty and grandeur should be 
preserved, the source of power should be utilized to the 
maximum extent possible. There is thus presented a 
problem of magnitude, but not one which is unsoluble. 
Study and care are essential if the best results are to 
be obtained. In my judgment, piecemeal legislation 
authorizing piecemeal development is inadvisable. Con- 
gress should have before it full information as to what 
can be done in the way of protecting and compensating 
construction which will permit the maximum diversion 
of water from the higher level or levels, and as to how 
water, thus diverted, can be most fully utilized in the 
production of water. Though the views of this depart- 
ment have been requested repeatedly as to partial as- 
pects of this question, it has never been authorized to 
make a full investigation.” 

The above paragraph shows that Congress has before 
it very clear and concise statements of fact and it is to 
be hoped that, from the standpoint of electrochemists, 
early action may be taken which will allow a continua- 
tion of the splendid progress made by our scientists, 
which has not only filled us with pride but is an absolute 
necessity to our industrial life. 

* * + 

The business session being at an end, President Fitz- 
Gerald presented his scholarly presidential address, 
which is herewith reproduced in full. It was listened 
to with intense interest, and deserved the prolonged 
applause which it received. 


The Committee on Public Relations 


Presidential Address Delivered at the Detro't Meeting a the 
American Electrochemical Society on May 3, 191 


By Francis A. J. FitzGerald 


The last three presidential addresses seem to have 
established a precedent as to the nature of that dis- 
course which I propose to follow because the precedent 
is probably a good one, and also because the subject 
happens to be the one to which I have had to give more 
time than to any other during the past year. 

Until Roeber’ in 1914 discussed “some Economic and 
Aesthetic Aspects of Electrochemistry,” presidential 
addresses were usually devoted to more or less tech- 
nical subjects. In 1915, however, Lidbury® chose as 
his subject “The American Electrochemical Society and 
Its External Relations,” and when Addicks’ last year 
spoke on the “Modern Engineer,” he undoubtedly had 
in mind his idea of the Committee on Public Relations 
which he had asked the Board to create. Thus, the 
more recent presidential addresses have been devoted 
to the relations of the Society to matters of public inter- 
est rather than to strictly technical subjects. 

This is certainly a symptom of the growing con- 
sciousness of the duty of individuals and their numer- 
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ous groupings to the democracy to which they belong. 
This growth has been noticeable for several years, and 
has been enormously stimulated by the Great War 
which is trying out democracy as it has never been 
tried before. Will it prove in this great trial that a 
government by the people can be carried on success- 
fully with the maintenance of the principle that the 
State is made for man and not man for the State? 
Democracy demands something more than a govern- 
ment to which the governed consent. It should be con- 
trolled by the individuals and social groups of which 
it is composed, and should be for what these consider 
conduces best to their happiness. In order, then, that 
a democracy shall be successful, the individuals and 
social groups must take a paramount interest in gov- 
ernmental problems. We are learning that this is 
necessary, and that its lack is one of democracy’s most 
serious weaknesses. The lesson is being driven home 
all the more rapidly by the great struggle between 
democracy and another system of government charac- 
terized by a far higher efficiency according to its ex- 
ponents. 

How, then, can a social group like our Society serve 
in strengthening that form of government which we 
consider necessary to preserve the rights of Life, Lib- 
erty and the pursuit of Happiness? 

The creation of the Committee on Public Relations 
is an attempt to answer this question and the proposed 
activities of the committee are indicated in the resolu- 
tion presented by A. H. Hooker as follows: 

“Resolved, That this society endorses the action of 
its Board of Directors in appointing the Past-Presi- 
dents of the Society under the chairmanship of the 
President, as a Committee on Public Relations, and ex- 
presses its confidence in that committee and its ability 
to represent the society in givirg advice to legislative 
committees and other bodies.’” 

In seconding the resolution, F. J. Tone said: 

“I desire to second this resolution and in doing so I 
desire to take the opportunity of saying that technical 
societies have a great opportunity to-day to make their 
opinions and their influence felt on public questions. 
I hope that this society will avail itself of this oppor- 
tunity to the fullest extent.”” 

There appear to be three main classes of subjects in 
which the Committee on Public Relations should act: 

1. Subjects dealing with public questions which are 
referred to the society for action either by members 
or outsiders. 

2. Subjects on which advice is asked for by the Gov- 
ernment. 

3. Subjects of public interest and relating to elec- 
trochemistry should be studied by the committee, and 
steps taken to initiate action on these by the Society 
or its members. 

In the past year subjects in each of these classes 
have been dealt with by the committee. 

As regards certain questions in the first class which 
have been submitted to the society, the committee has 
advised that no action should be taken, on the ground 
that these are not related directly to the society’s 
activities, or are not subjects on which the society’s 
opinion is of exceptional value. A good example of 
this kind of question was a resolution on the subject 
of “Preparedness,” which was sent to the society with 
a request that it should be submitted to the members 
for action. The committee decided against taking any 
action, not because it was opposed in any way to the 
sentiments expressed; but because this particular 
resolution covered a question that obviously was one 
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for the public in general to pass on, and not for a 
particular technical society. 

It was felt that if the society passed resolutions on 
all kinds of public questions that were not partic- 
ularly related to its activities, this would weaken the 
effect of any resolutions it passed on subjects about 
which it could offer a really expert opinion. 

Incidentally this resolution called attention to the 
question of expert advice, for in one clause it offered 
an opinion as to the size of navy which the United 
States ought to have. Possibly a heterogeneous mass 
of citizens might find an excuse for offering an opinion 
as to how big our navy should be, on the ground that 
this expression was based on the expert advice of those 
competent to give it; but a society composed of in- 
dividuals presumably more or less expert in their par- 
ticular branch of technical work should understand the 
value of expert opinion, and therefore recognize its own 
limitations. 

One of the special weaknesses of democracies is found 
in their appreciation of expert advice. The expert is 
not ignored, but he is not appreciated correctly. On the 
one hand we find frequent examples of the hired expert 
whose advice is ignored by his employers probably be- 
cause of a perverted democratic instinct which dis- 
likes all submission to authority. In private affairs 
those who are called on to act as experts could give 
numerous examples, and in public matters do we not 
continually see the impudent ignoring of expert advice 
in highly technical matters by Congress? On the other 
hand, we must admit that your expert is too apt to 
think that special knowledge in work of one kind en- 
titles him to promulgate ex cathedra opinions on sub- 
jects about which his utterances are far from authori- 
tative—and he is taken seriously. Thus while tacitly 
agreeing with the flippant treatment of expert opinion 
by our political representatives our democracy is apt 
to swallow respectfully the opinions of a great mechan- 
ical and electrical inventor on the physiological effects 
of cigarette smoking or the historical and ethical con- 
siderations of war by a distinguished ichthyologist. 

Under an autocracy there is a truer appreciation of 
the expert, and consequently a much more efficient use 
of his abilities. His patrons are members of the gov- 
erning class, and hence it is merely necessary to satisfy 
them in regard to his expert knowledge, a far easier 
task than that of exciting the attention and winning 
the confidence of a democracy. True, the democracy 
has its representatives who attend to matters of gov- 
ernment, but the scientific or technical man cannot de- 
pend upon these alone for recognition. These repre- 
sentatives are chosen by the people, and before being 
chosen they must convince their constituents that they 
are more or less experts in their own line. To expect 
these representatives to convince their constituents 
that the scientific or technical men are worthy experts 
is expecting too much. That is obviously a task which 
must be undertaken by the scientific and technical men 
themselves. 

There is no matter requiring more careful consid- 
eration by the Committee on Public Relations than that 
of cultivating in a democracy a true appreciation of ex- 
pert opinion. The difficulty of this task is great, as 
is shown by the experience of army and naval experts, 
and indeed all technical men employed by the govern- 
ment. In their case, however, the difficulties are exag- 
gerated on account of their relation to the government, 
which must inevitably curb their freedom to a certain 
extent. The learned and technical societies, however, 
are not handicapped in this manner, and therefore are 
perfectly free to exert every effort to win the interest 
and confidence of their fellow citizens. 
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Besides distinctly constructive activity of this kind, 
the committee should remember the necessity of guard- 
ing against certain dangers which are likely to be pres- 
ent in democracies. One of these is the development 
of what might be described as political experts as dis- 
tinct from expert politicians. The latter is a necessity, 
the former an injurious nuisance. 

We often have occasion to complain of the blunders 
of our expert politicians, particularly in their treat- 
ment of technical matters, and are apt to imagine that 
could we take their places, things would be much better. 
They would, in fact, be far worse giving results such 
as might be expected if a politician were to take charge 
of the running of an electrochemical plant. The electro- 
chemist who tries to undertake political work in rela- 
tion to electrochemistry will end by being neither a 
good electrochemist nor a good politician. In politico- 
electrochemical matters we must remember that we can 
only play a complementary part to the politicians. The 
politician is as useful a member of society as the electro- 
chemist, and the whole profession need not be condemned 
because of those who are incompetent. An incompe- 
tent electrochemist is not an impossibility. 

Finally let us remember that our special activities 
contribute no mean part to the great mass of scientific 
and technical work which has done so much for the 
welfare of humanity, and in so far as this is true we 
may fairly ask for the admiration of those who, with 
the virtuous king of Brobdingnag, hold the opinion 
that “whoever could make two ears of corn, or two 
blades of grass, to grow upon a spot of ground where 
only one grew before, would deserve better of man- 
kind, and do more essential service to his country than 
the whole race of politicians put together.” But let us 
not forget that this wise king, when Gulliver told him 
of certain wonderful machines developed by his race, 
was “struck with horror at the description I had given 
of those terrible engines and the proposal I had made. 
He was amazed how so impotent and groveling an in- 
sect as I (these were his expressions) could entertain 
such inhuman ideas, and in so familiar a manner, as 
to appear wholly unmoved at all the scenes of blood 
and desolation which I had painted as the common ef- 
fects of these destructive machines, whereof, he said, 
some evil genius, enemy to mankind, must have been 
the first contriver.”” 

Let us then remember that no matter what advances 
we make toward the development of new processes and 
inventions, we are only doing half of our duty, and can- 
not in justice pose as benefactors of humanity unless 
we also do our part in seeing to it that the results of 
our labors are so wisely employed that they will prove 
to be blessings rather than a curse. 


Electric Steel 


The first six papers presented during the technical 
essions related to electric steel. Three were read in 
he Thursday morning session, the other three in the 
(hursday afternoon session. 


History and Present Status of Electric Steel 


A paper by Dr. John A. Mathews, president of the 
faleomb Steel Co. of Syracuse, N. Y., entitled “Com- 
ments on the Electric Steel Industry,” was the first to 
he presented. In the absence of the author it was read 

’ Dr. Richards. 

Dr. Mathews referred to the prophecies of Sir Wil- 
um Siemens on electric steel melting forty years ago 
and to the first Canadian Commission Report in 1903, 
and to the use, by Dr. Heroult and others ten or more 
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years ago, of a duplex process, using an open-hearth 
furnace for preliminary melting and refining, the liquid 
steel being transferred to the electric furnace for de- 
oxidation, desulphurizing and for making of additions 
or adjustment of the desired analysis. The first Ameri- 
can installation of this kind was made at the Haleomb 
Steel Company under the author’s direction and is now 
in its twelfth year of operation. 

Other plants soon appeared here and abroad, nearly 
all using the duplex process. In addition to the belief 
in the metallurgical soundness of the process, there 
was the further belief that electricity could not be suc- 
cessfully and commercially used to do the first melting, 
and this was true at the time, but now the lower cost 
of wholesale power and increased electrical efficiency 
make cold melting feasible in many localities. 

At the May meeting of this society in 1909, Mr. Paul 
Girod, the well-known inventor of the Girod fur- 
naces and a successful manufacturer of steel and ferro 
alloys in France, challenged the electric refining idea, 
and stated that one cannot make steel of crucible quality 
in the electric furnace starting with a molten charge 
of open-hearth or Bessemer metal. 

“After twelve years as pioneers in operating this 
process in America, we can truthfully say we have suf- 
fered no disappointment. Just recently has come to my 
attention the case of a very difficult government speci- 
fication, which has never been successfully met by any 
other material, and I know that at least two or three 
firms furnishing material melted in the electric furnace 
from cold scrap have failed to meet it. It must be ad- 
mitted, however, that most of the recent electric-furnace 
installations are intended for cold melting. We have 
two such installations in operation and two under erec- 
tion, but this is not because of any difficulties with the 
duplex method, which will certainly be continued. Hav- 
ing tried the two methods of melting, side by side, for 
a considerable period we see no reason for accepting 
Mr. Girod’s conclusions. In fact, if electric furnaces 
of large size, say, from ten tons and upward, are to be 
a success, we believe it will only be upon the basis of 
using molten charges. They are not altogether success- 
ful as cold melters. 

“The choice of processes seems to be an economic 
rather than a metallurgical consideration, and local con- 
ditions for each installation must govern the choice, 
while the final success by either process is a matter of 
individual skill of operation. 

“The electric furnace has not replaced the crucible 
furnace or crucible steel; its field has been the ‘produc- 


tion of very high-class steel for special purposes,’ as. 


stated in Harbord’s second conclusion. In this capacity 
the electric furnace was most timely to meet the de- 
mands for just this class of material, which arose simul- 
taneously with the birth of the automobile and aero- 
plane industries. New requirements for materials of 
construction came into being along with them, and it is 
in meeting these requirements that the electric furnace 
finds its best and greatest application. To these, of 
late, have been added the requirements for munitions 
of war. Our own furnaces, so far, have not been used 
for this class of material.” 

Why, then, does the electric furnace with proper 
handling produce a superior product for the most severe 
requirements of automobile, aeroplane and munition 
manufacture? 

“First: Experience shows that chemical composition 
of consecutive heats can be held more closely to a stand- 
ard than with any other process. This is most notice- 
able when handling easily oxidizable metals like vana- 
dium, chromium, silicon and manganese. 

“Second: From the above it is apparent less of these 
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metals will have to be added to ensure a given final 
minimum, hence there will be less of the oxides of these 
metals produced in the steel and to be removed from the 
steel. 

“Third: The more nearly composition can be con- 
trolled, the more certain are likely to be the results of 
subsequent heat treatments. 

“Fourth: Electric steel is usually chemically purer 
than any other steel. Sulphur, especially, is readily re- 
moved. There has been considerable written of late to 
show that the effects of sulphur are not as harmful as 
generally believed. Be that as it may, when the sulphur 
is uniformly distributed, yet it is obvious that segrega- 
tion of elements is impossible if they are absent. It 
also follows, if segregation of sulphur and phosphorus 
are not to be feared, the percentage of cropping may be 
reduced and the yield of sound metal increased—a step 
in the direction of economy and conservation. 

“Fifth: Low sulphur in electric steel usually means 
a prior reducing condition favorable to complete deoxi- 
dation. This condition is favorable to sound ingots, 
freedom from blow-holes and seams produced from them. 
Quiet metal has less tendency to segregate in the mold, 
as to either metallic or non-metallic elements, and pro- 
duces steel free from ‘ghost’ lines or laminations. 

“Sixth: Alloy additions may be made in the furnace 
itself rather than in the ladle, which increases the chance 
of thorough assimilation, diffusion and homogeneity. 

“Seventh: From a combination of the above reasons, 
it unquestionably results that electric steel is less easily 
injured by overheating than is the case with other steel. 
It will stand more heat in the forging or heat treatment 
without injury; that is, it has a wider safe heat range. 
This opinion has the weight of both experimental evi- 
dence and practical experience in the hands of compe- 
tent observers among users. 

“Eighth: Electric steels are usually freer from slag 
and non-metallic inclusions than are Bessemer and open- 
hearth steels. 

“Ninth: All of the above characteristics make for 
quality, when quality is the first consideration. The 
electric furnace possesses an economic value in its adap- 
tability for handling and recovering alloy scrap values. 
Some alloy scraps do not make desirable additions to 
open-hearth furnaces or, if made, a large share of the 
alloy metal is lost in the slag. With the widespread 
and increasing use of alloy steels it is highly desirable 
that alloying elements be not lost when contained in the 
scrap. 

“These advantages and others follow because, as Sie- 
mens observed, ‘the fusion is effected in a perfectly neu- 
tral atmosphere,’ and because a number of distinguished 
engineers and inventors produced commercial, workable 
furnaces in which these results could be attained on a 
large scale. 

“Electric furnaces, like automobiles and aeroplanes, 
are of little use without skilled operators. They are not 
automatic devices which run themselves. Carelessness 
in their operation will lead to disastrous results. They 
are not nearly as foolproof as crucible furnaces, which 
require considerable skill but of a different order from 
that required for electric melting, assuming that steel 
of equal quality is to be produced by either process. . . .” 

“The United States has taken the lead in electric-fur- 
nace development, after a very slow start in which we 
seemed to be lagging behind some of the European 
countries. In our own plant we have grown from 500 


k.v.a. to 5500 k.v.a. of installed capacity for electric 
melting, while in the U. S. A. there is no less than 
150,000 k.v.a. in operation or just being installed. The 
annual tonnage capacity of the furnaces using this cur- 
rent I estimate to be about 1,250,000 gross tons of 
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ingots and castings. It is impossible to figure this ex- 
actly, because some furnaces may operate on either re- 
fining or cold melting charges, and, of course, the out- 
put is much greater when the former method is used. 
This infant industry already represents an output about 
eight times as great as the crucible-steel production and 
one-eighth that of Bessemer production. These two 
processes are not declining but are more or less sta- 
tionary, with wide annual fluctuations.” 

The author closed with emphasizing the necessity of 
wise state and national policies affecting hydroelectric 
developments. 

Dr. Mathews’ paper was discussed at some length by 
Mr. Dixon, Dr. Lindsay, Dr. Richards and Mr. Turnbull. 
Mr. Turnbull said that in Canada the electric furnace 
can operate 15 or 18 dollars more cheaply than the acid 
open-hearth under present conditions and for some years 
to come. The first electric steel furnaces in the United 
States were for duplex operation, but the really first 
ones in Europe were for cold melting. Mr. Dixon and 
Mr. Turnbull referred to the difficulty, objected to by 
older steel makers, in removing the oxygen from steel 
overoxidized in the open hearth; but much has been 
done in recent years in this connection. The steel is 
now not nearly overoxidized to the same degree in the 
open hearth as the late Dr. Hercult thought to be 
necessary. 

Dr. Lindsay referred to the largest cold-charge elec- 
tric steel plant now in course of construction by the 
Canadian Government at Toronto, where ten Heroult 
furnaces of 6 tons each will be employed for cold melt- 
ing for the production of shell steel. 

Dr. Richards referred to the still more ambitious 
project of the U. S. Steel Corporation for the South 
Chicago plant. This will not be, however, for cold 
melting. It will comprise Bessemer converters, two 
250-ton open-hearth furnaces, and ten electric furnaces 
of 30 tons’ capacity each. The steel will be transferred 
from the Bessemer converters to the open hearths 
(serving as reservoirs) and finally to the electric fur- 
naces. The total capacity of this triplex process will 
be 50,000 tons of steel per month. 


The Electric Furnace in the Steel Casting Plant 


Mr. R. F. Flinterman, president of the Michigan 
Steel Castings Company, Detroit, Mich., then presented 
his paper on the above subject. This is herewith re- 
produced practically in full. 

Under the term “small steel castings” is meant cast- 
ings used for the most part for automobile trucks, trac- 
tors, light machinery parts, and for other purposes, 
where the size and shape of the part, its lightness of sec- 
tion or difficulty of production preclude its being made 
practically in open-hearth foundries. In the latter, the 
work is largely a tonnage proposition. The work is 
much heavier and on the whole simpler and the methods 
used cannot be applied successfully to the manufacture 
of lighter and more intricate castings. 

The castings the author’s plant has been manufactur- 
ing run from % lb. up to 250 or 300 lb. They do make 
some pieces running up to 2000 Ib., but the average 
weight is about 20 lb. 

Before installing the electric furnace they employed 
the crucible furnace. This was chosen because of the 
low first cost of installation and also because of the gen- 
erally accepted fact that crucible castings were of very 
high quality. 

The great difficulty with the crucible process was in 
the crucibles themselves, in their lack of uniformity and 
high cost. An average of 3 heats was considered good 
and at that rate meant about 1 cent added to the metal 
cost. Many crucibles would not come up to this average 
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and in order to save them as much as possible the final 
addition of ferrosilicon and ferromanganese was cut 
down to a minimum. The result was a steel of low 
manganese contents, about 0.4 per cent, and as a conse- 
quence a steel which was not always deoxidized. The 
inability to keep the carbon low, because of the absorp- 
tion of carbon from the crucible was an added aggrava- 
tion. 

Their second method was the side-blown Tropenas 
converter. Its advantages over the crucible are: 

1. Large unit of capacity, converters of 1 ton and 
2 ton capacity being used. 

2. The metal was uniformly hot and fluid and of 
fairly regular analysis. 

3. Possibility of increasing manganese content and 
consequently getting very much better results on phys- 
ical tests. 

4. Great reduction of metal cost. The cost varied 
little from month to month while in the crucible process 
the cost depended entirely on crucible performance over 
which they had no control. 

Their third and “very likely final choice” was the elec- 
tric furnace. The Heroult type was decided on and 
the first furnace of 6-ton capacity was installed in No- 
vember, 1915. The second furnace of 3-ton capacity was 
ready to run Feb. 12, 1916. Both furnaces have been 
running continuously since their installation and the 
converters have been discarded. 

It required several months to adapt the electric fur- 
naces to shop conditions. This has, however, long since 
been accomplished and the furnaces have come up to ex- 
pectations most completely. As regards the quality, 
there is no question of the superiority of the electric 
steel over converter metals. This applies to both acid 
and basic electric steel. 

“It is only natural that this should be so if you com- 
pare the two methods. In the converter at the end of 
the blow there is a mass of metal at a high temperature, 
covered by a highly oxidized slag and the metal itself 
undoubtedly contains oxides. The addition of ferro- 
silicon and ferromanganese at this point deoxidizes the 
metal more or less completely, but the metal is still in 
contact with a slag carrying a high percentage of iron 
oxides, ete. 

“In the electric furnace the covering slag is completely 
deoxidized before ferrosilicon and ferromanganese final 
additions are made. The metal is constantly giving up 
oxides to the slag during the deoxidizing period and is 
practically free from oxides before the final deoxidizers 
are added. 

“In our opinion it is the more complete absence of 
oxides in the electric steel, which accounts for the su- 
periority of this steel over converter steel. The results 
obtained on physical tests are universally better.” 
Typical test results are given in Table I. 


TaB.Le I. 
Per Per 
Cent Cent 
Maximum Elastic Reduc- es - 
Strength, Limit, tionin tion in 


Lbs. Lbs. Area 2 In Si 8. P. Mn. C 
1 66,750 42,500 51.7 35 025 .044 .74 19 
2 76.000 45.000 45.8 30 20 .021 040 .64 23 
3.... 62,400 36,500 50.0 32 -27 .043 .036 .62 .19 
4 . 69,000 37,800 40.0 28 -33 .050 .056 .70 .24 


Steels 1 and 2 are from the basic furnace and 3 and 4 
from the acid furnace. While the basic steel averages 
slightly higher than the acid steel, they are both very 
much better than the average results that were ob- 
tained from converter steel. 

The great superiority of the electric steel lies in the 
fact that these results can be consistently obtained 
from every heat which they were never able to do in 
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converter practice. “We have made physical tests on 
30 consecutive heats and have for every heat obtained 
results corresponding to the sample given. With the 
converter steel we had great difficulty in maintaining 
an average reduction of area of 25 per cent and the 
elongation was usually about 20 per cent.” 

The superiority of the electric steel was also mani- 
fested in the case of long, thin-section castings, such as 
cross-members on engine supports. The loss due to 
shrink tears was much reduced with electric steel. On 
one particular pattern they made 100 castings from 
electric steel and found no shrink tears whatever. With 
exactly the same practice and pattern they found that 
90 out of 100 castings made from converter steel had 
slight tears or cracks, which had to be welded in order 
to save the castings. This particular casting was very 
difficult to make and was perhaps an extreme case, but 
the test made brought out this difference in behavior 
most vividly. 

The reason for this behavior is due to 2 facts: 

1. The lower sulphur content of electric steel. 

2. The absence of impurities, particularly of oxides. 
This resulted in much greater strength at high tempera- 
ture and this greater strength was able to resist the pull, 
exerted on the steel during that period, when the cast- 
ings were shrinking or shortening. This behavior of 
electric steel was true with both acid and basic steel, 
particularly with the latter, when a lower sulphur could 
be maintained. 

The high quality of the electric steel was the one 
essential point which induced them to abandon the con- 
verter process in favor of the electric furnace. The 
hopes in this regard have been most fully realized. The 
time seems now at hand when this fact will be fully 
realized by the trade at large, as is evidenced by the 
increasing demand for electric steel. (Mr. Flinterman 
here remarked in parenthesis that since writing the 
paper he had received a contract specifying particularly 
that electric steel must be used.) 

It was particularly pleasing to have the high quality 
steel without any increase in cost. Under present mar- 
ket conditions, with low-phosphorus pig iron selling at 
an exorbitant price, the electric steel can be produced 
at much lower cost than converter steel. “As our prac- 
tice improves we feel confident that we can compete 
with converter steel even under normal market condi- 
tions.” 

At the present time they are using acid linings and 
bottoms entirely. The reasons for abandoning the basic 
process was the high and prohibitive price of magne- 
site. They were new consumers for this refractory 
and had not been able to secure a large supply, since 
the dealers were loathe to take on new customers and 
they were finally obliged to resort to acid practice. 

This experience has been most valuable since one very 
great advantage was found in the acid process. One 
great difficulty with the basic process is the slag. The 
metal was poured from the furnace into a large coffee 
spout ladle in which the metal was taken to the pouring 
floors. The metal was poured through a spout into hand 
shanks, from which it was poured into molds. In 
all cases the metal was skimmed by means of a metal 
rod skimmer, while it was being poured into molds, in 
order to keep all slag back and prevent its entering the 
molds. In spite of all precautions there was much more 
trouble from slag in the castings than they had ever 
had from converter steel. 

With exactly the same methods this slag trouble dis- 
appeared with the change to acid steel. This was due 
to the greater refractoriness or higher melting point 
of the siliceous slag, which brought about a more com- 
plete separation of the slag from the metal. 
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The basic metal acted at times as though there were 
actually present in the metal a small amount of slag in 
solution which slag would finally separate as the metal 
lost its heat. In a number of tests which were made 
when special precautions were taken to remove slag 
from metal, during pouring of molds, they still found 
slag spots on the machined surfaces of the castings. 

As already stated, with acid steel there was a mini- 
mum of slag trouble. This has led to the conclusion 
that an ideal arrangement for a steel foundry would 
be to use a “reversed duplexing process,” as it were. 
Part of the metal should be melted in a basic furnace, 
where the metal would be refined and sulphur and phos- 
phorus eliminated in the usual way. The stock used in 
this furnace should be of a much cheaper grade and 
would more than offset the increased cost of rehandling 
the refined metal through the acid furnace a& the next 
step in the operation. 

In the meantime the acid furnace has been working 
on a partial charge of steel, to which when molten will 
be added the refined metal from the basic furnace. The 
final deoxidation under an acid slag can then be com- 
pleted and metal withdrawn in the same manner as is 
done now. The author believes fully that this “reversed 
duplexing” can be so timed and manipulated in two or 
more furnaces that the ultimate output of the battery 
of furnaces will be the same in any given period as 
though the furnaces were all running either basic or 
acid independently. 

This method of “reversed duplexing” would have sev- 
eral distinct advantages for the producer of steel cast- 
ings; namely: 

1. The cost of part of the raw material would be 
much lower, since a high sulphur and high phosphorus 
stock can be used, as for instance screw machine turn- 
ings, which bring a low price on the market and cannot 
be used in acid practice. 

2. The basic furnace could be run at a lower tempera- 
ture during refining period and the life of roof and 
walls would be much prolonged. The final temperature 
could be attained in the acid farnace, where there is no 
difficulty in securing necessary temperature and fluidity 
without injury to lining. They have run up to 300 heats 
without repairing roof or lining. (Mr. Flinterman re- 
marked here that on the day before the meeting a roof 
had been taken down after having stood for 360 heats.) 

3. It would be possible to obtain lower sulphur and 
phosphorus in the acid steel without increase in cost, 
in fact the finished cost might even be less. 

4. The metal would receive final deoxidation under 
an acid slag. The advantage of this acid slag has al- 
ready been emphasized, particularly the fact that the 
slag is more refractory and separates more completely. 
There is one further advantage. When the furnace 
contents are poured into the large ladle, the latter is 
immediately covered over with a congealed heavy slag 
crust, which keeps the air away from the steel and also 
keeps the steel hot longer. This is of great help in 
pouring a large variety of small castings, when fluidity 
and high temperature are most essential. 

The author believes this “reversed duplexing process” 
may be of great value in other products such as tool 
steel, piano wire, etc., where the absence of even minute 
slag particles is most desirable. It would be interest- 
ing to conduct a comparative test on the products named 
above, made in the ordinary way and made by this 
double process. The suggestion may not seem so far- 
fetched when one bears in mind the fact that the higher 
grades of steel wire were until very recently made by 
crucible process, and in this process the slag was es- 
sentially an acid slag. How much of the quality pos- 
sessed by these steels was due to the acid slag? 
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One other advantage of the electric furnace should be 
mentioned, namely its great usefulness in making any 
of the alloys. This has been demonstrated by the con- 
stantly increasing adoption of the electric furnace by 
tool steel producers and other makers of special steel. 
This same advantage can also be put to use by manu- 
facturers of steel castings in the production of alloy 
steel castings. 

The author’s experiences in making alloys in the con- 
verter process was most unsatisfactory, since they were 
unable to obtain consistent results. This was due, no 
doubt, to the highly oxidized slag and presence of oxides 
in the steel itself, so that in many cases the alloying 
metals were oxidized and would be present in the final 
metals in varying and diminished quantities. With the 
electric steel the results have been very much gratify- 
ing. They have been able to obtain any desired analy- 
sis regularly, and in consequence the subsequent heat 
treatments have given them the high physical quali- 
ties which they were after. This opens up a large new 
field for the maker of small castings, since there is 
a large demand for alloy castings for certain purposes, 
where lightness and great strength and thoroughness 
are necessary. 

As an illustration the author exhibited a very diffi- 
cult manganese steel casting which they had success- 
fully made. 

In closing, the author called attention to one fallacy 
so often mentioned in discussion of electric steel, namely, 
that “electric steel is free from blow holes.” He re- 
ferred to the article on hydroelectric power and electro- 
chemistry in France by C. O. Mailloux, the second in- 
stallment of which appeared in the March 15, 1917, issue 
of Met. & Chem. Eng’g. It contained a quotation from 
an article by Girod in 1912 that “with the electric 
furnace one is sure to have for castings an absolutely 
dense metal without blow holes or pipes.” Or to go 
even further back, in an article appearing in 1907, in 
Stahl und Eisen, written by Professor Eichhoff of 
Charlottenburg on progress in electric steel manufac- 
ture one of the conclusions was, “dass der Stahl voll- 
stiindig blasenfrei ist.” 

“Every producer of steel castings wishes that this 
might be true. Without doubt the electric steel is 
purer and in consequence has within itself a minimum 
of impurities which during the transition from the 
molten state to a solid mass, would assume a gaseous 
form and cause blow holes. This much is granted as 
true. But nevertheless there is just as much cause for 
presence of blow holes in electric steel where the metal 
is poured into molds, as when the metal is made by 
other methods. The cause for such blow holes is not 
inherent in the steel itself, but is due to the methods of 
making the mold and preparing it for the steel. 

“In other words, just as much care must be used in 
molding to make a good casting, in order to maintain 
in the casting the high quality and strength possessed 
by the electric steel. Perhaps even greater care and 
vigilance must be used because of the very high tem- 
perature at which the steel is delivered from the elec- 
tric furnace. 

“We have merely brought up to this point in order 
to emphasize the fact that the electric furnace is not 
a cure-all for all foundry woes and trouble. To make a 
superior casting, the electric furnace metal must have 
a perfect mold, prepared with every possible care and 
attention to detail, properly gated, properly fed and 
properly vented. When such a happy combination has 
been properly brought about, the resultant casting will 
be superior, and in this manner only and by no other 
methods can we derive the full benefit of the wonderful 
quality possessed by electric steel.” 
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Flinterman’s paper was discussed by Messrs. 
Fuller, Turnbull, Dixon, Fitz Gerald, Richards and 
Campbell. With respect to the difficulty due to getting 
basic slag inclosures in the steel, Mr. Dixon said that 
the basic slag should not strike the ladle before the steel 
does. With the acid furnace there is no trouble due to 
“liming” vapors attacking the silica roof. Further, the 
acid slag is a much poorer thermal conductor. 

Dr. Richards had sent out an inquiry to 40 or 50 
practical stee] men as to how it is possible to get better 
and more reliable steel castings, and the recommen- 
dation made in 19 out of 20 answers had been to 
specify electric-furnace steel castings. This is sig- 
nificant. 

Professor Campbell of the University of Michigan dis- 
cussed very interestingly how our knowledge of the 
constitution of steel could be furthered by a study of 
the solubility of different slags in steel. Possibly a 
basic slag might be more soluble in steel than an acid 
slag; in that case the slag would be in true solution 
in the steel in a basic open hearth or basic electric 
furnace, while in an acid furnace the slag might be in 
mechanical suspension. Following out this hypothesis, 
it might be that with a basic slag a steel containing 
extremely finely divided sharp particles of slag would 
be obtained; this would be extremely bad for dies, for 
instance. If, however, the steel was transferred from 
the basic furnace to an acid furnace for a sufficient 
length of time, the slag may be separated out. 


Electric Steel Melting 


A paper entitled “Notes on Electric Steel Melting,” 
by J. L. Dixon, of the John A. Crowley Co. (owners of 
the American patent rights of the Groenwall-Dixon fur- 
nace) first dealt with mechanical and electrical consid- 
erations of furnace design. 

Mechanically, great strength is required. Especially 
the moving parts of the furnace mechanism, such as 
the tilting gear and the electrode-raising gears, should 
be of rugged design so as to withstand the rough usage 
and lack of attention they will receive in the average 
foundry. 

As regards these gears, however, there are other con- 
siderations in addition to the purely mechanical ones. 
The design and location of these gears must be such 
that they are fully protected from any accidental break- 
out or overflow of liquid metal. With all possible pre- 
cautions, break-outs or overflows will occur and it takes 
only a few pounds of liquid steel to put a lifting screw 
or a worm gear out of business. The protection of 
the electrode-raising gears is generally quite a simple 
matter, but not so with the tilting gear. In the Groen- 
wall-Dixon furnace (nage 568) a tilting gear giving ex- 
cellent results mechanically has been abandoned owing 
to the danger of the gear being damaged by liquid metal. 
The danger may be very small, but any improvements 
in this direction will immediately show almost unex- 
pected benefits, owing to the fact that the furnace opera- 
tors are relieved of an unnecessary anxiety. 

Another essential, perhaps the most important, is 
to avoid too great intricacy. This remark applies in 
some measure to all parts of the furnace, but more es- 
pecially to the parts comprising the electrode contacts 
and supporting devices. With the best possible design 
and care the insulating materials will occasionally fail. 
If the parts are water-cooled a breakdown may result 
from a failure of the water system, due perhaps to an 
interruption of the supply. The writer recently had 
an experience of this, owing to a laborer turning the 
wrong valve. 

Whatever the cause of the breakdown it is certainly 
unpleasant to have to stand on the roof of a hot fur- 
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nace and endeavor to remove the broken-down part, 
either by unbolting or by cutting it away with a hack- 
saw. 

In designing a very large electric furnace requiring 
a large number of electrodes the difficulties may be over- 
come by suspending the electrodes from an overhead 
device quite independent of the shell of the furnace. 
This will certainly be the most convenient arrange- 
ment if the furnace is not tilting but is of the stationary 
type, as is quite probable with the very large furnaces 
that will come in the future. 

Electrically the power factor is important and in 
a well-designed furnace the power factor should be 90 
per cent or more. The power factor is improved by 
(1) an increased number of electrodes, more especially 
if they are all of different polarities, (2) by a higher 
voltage on the electrodes. 

With respect to current fluctuations or overloads, 
again an increased number of electrodes is beneficial, 
owing to the spreading and averaging effect. A higher 
voltage on the electrodes tends to increase the fluctua- 
tions, but this may be largely overcome by reactance 
without seriously lowering the power factor. “It must 
be admitted that this question of current fluctuations 
and disturbances is often a very serious one, more es- 
pecially with furnaces connected to small power stations, 
und the writer feels justified in saying that some rad- 
ically new design in automatic controlling apparatus is 
necessary. The various kinds of apparatus in present 
use are of excellent workmanship, but in principle they 
do not go sufficiently to the roots of the trouble. 

“Take, for example, the case of a three-phase furnace 
with three upper electrodes. When there is an over- 
load on one of the electrodes, either one or both of the 
remaining electrodes are also overloaded, even though at 
that moment they are correctly located relative to the 
bath of metal. But the fact that they are correctly 
located is not observed by the automatic controlling ap- 
paratus which, acting under the impulse of the increased 
current, raises these electrodes, so that when the offend- 
ing electrode is brought to its correct position the un- 
offending electrodes are carrying currents that are too 
small. In this way a more or less continuous hunting 
is set up and partly on account of this the automatic 
controlling apparatus has to be ‘damped,’ which lessens 
its sensitiveness and ability to deal quickly with any 
real trouble that may occur.” 

The author believes that furnaces with a bottom elec- 
trode are more easily controlled than those without, 
because any fluctuation of current in one of the upper 
electrodes is partly taken care of by the bottom connec- 
tion instead of being absorbed entirely by its remain- 
ing upper electrodes. In this way the hunting due to 
what may be called false regulation is to a large extent 
avoided. 

The author then took up thermal considerations and 
advocated the highest possible voltage for melting down 
the charge. Obviously the higher the voltage the 
smaller may be the electrodes and the higher will be the 
power factor. With furnaces of ten tons’ capacity and 
upward, a voltage higher than usual has been found 
to be absolutely essential, but even in smaller furnaces 
there are advantages in this respect not directly at- 
tributable to the smaller resistance or induction losses. 

During the refining period it is essential that the volt- 
age be lowered so that the arc becomes practically buried 
in the slag. This is especially essential if a white 
deoxidized slag is obtained, as such a slag is a good heat 
insulator and reflector and the heat of the long arc 
will be reflected onto the walls and roof of the furnace. 

The author thinks that a lower electrode has a dis- 
tinct value from a thermal point of view. On occasions 
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when he has operated a furnace without a lower elec- 
trode he has experienced greater difficulty in maintain- 
ing the furnace bottom in good shape and more es- 
pecially in making high chrome steels has experienced 
difficulty in dissolving the alloy additions. 

For the furnace bottom the writer has always ob- 
tained good results from either magnesite or dolomite 
tamped in with tar. 

As regards the walls and roof, every one operating 
electric furnaces is aware that these receive their great- 
est punishment at the end of a heat. This no doubt 
is largely due to the reflecting power of the white slag. 
In addition to this, however, the writer is inclined to 
believe that there is some chemical influence very active 
at that time. As is well known, silica bricks absorb me- 
chanically occluded iron oxide (FeO,); at the end of 
the heat when the atmosphere of the furnace is strongly 
reducing the Fe.O, is reduced to FeO, which at once 
fluxes with the silica. Perhaps, unlike the writer, some 
of the members have had an opportunity of trying clay 
bricks, which should be less sensitive to chemical influ- 
ence than are silica bricks. 

Finally discussing chemical considerations, the author 
says that the acknowledged advantages of a white slag 
are sometimes attributed to the strongly reducing ef- 
fects of calcium carbide. The writer is inclined to 
disagree in this, and to attribute the good results not 
to the presence of calcium carbide but to the absence 
of reducible oxides, the presence of the carbide being 
merely a symptom that the deoxidation is approaching 
completion. It is obvious that, as a result of chemical 
equilibrium, if there is no oxide in the slag there can be 
very little in the metal. 

“The writer is unaware that the mechanism of the 
reactions by which sulphur is eliminated has ever been 
described. He believes the reactions to be somewhat as 
follows: 

FeS in metal 





(a) = constant 
FeS in slag 

“Disregarding the presence of manganese, the only 
way in which the amount of sulphur (FeS) in the metal 
may be adjusted is by some alteration of the propor- 
tion of FeS in the slag. An increase or decrease of 
any other sulphide in the slag will have no direct effect 
on the amount of sulphur in the metal. This is because 
any other sulphide, in this case CaS, is insoluble in the 
metal. In the slag itself the following equilibrium is 
established: 

(b) CaO + FeS s CaS + FeO 
“This may be written as follows: 
CaO x FeS 
(c) —————— = 
CaS x FeO 

“From this it follows that any decrease in the FeO 
in the slag will cause a decrease in the FeS, until when 
the slag is free from FeO all the sulphur exists as CaS. 
Referring to equation (a) it follows that when there is 
no FeS in slag there is no sulphur in the metal. Prob- 
ably the slag might consist of CaS entirely without af- 
fecting the steel in any way. 

“Something might be said as to the effect of mag- 
nesia in the slag. MgO in the slag is generally recog- 
nized to be very undesirable. At the best the MgO 
dilutes the slag and also robs it of fluidity, so that for a 
given degree of fluidity an increase in the proportion 
of MgO means a much greater decrease in the propor- 
tion of the active constituent, CaO. In addition to this, 
however, it would appear that MgO is actively harmful, 
and the writer believes that under the electric arc it 
acts as an oxidizer. 

“Several years ago when burning in a magnesite bot- 
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tom by lowering the eiectrodes ontc a shallow bed of 
coke, it was found that whenever the arc came near to 
the magnesite bottom deep channels were cut in the bot- 
tom. It was apparent that the following reaction was 
going on between the coke and the magnesite: 

MgO + C CO + Mg 

“Directly the vapors of CO + Mg got away into the 
cooler parts of the furnace the reaction was reversed and 
there was deposited on the walls of the furnace a powder 
consisting of finely powdered MgO and soot. 

“Possibly some reaction similar to this goes on be- 
tween the MgO in the slag and the carbon in the steel 
and the carbon, such as coke, thrown onto slag for 
deoxidizing. Also it is possible that MgO reacts with 
metallic iron, forming Mg which is lost by volatilization 
and later reoxidation, leaving FeO in the slag. 

“The writer remembers with painful distinctness sev- 
eral heats in which the carbon could not be moved from 
about 0.10 per cent. Pig iron was added with no effect, 
about a ton of pig being added to a five-ton charge. No 
scale or ore had been charged, and the disappearance 
of the carbon could only be explained by some of the 
above assumptions as to the action of the magnesia in 
the slag. 

“These experiences were of several years ago, and by 
fettling the hearth of the furnace with good dolomite 
and making the slag from fairly pure lime, the difficul- 
ties were soon overcome.” 

Mr. Dixon’s paper was discussed at considerable 
length by Messrs. Fitz Gerald, Turnbull, Seede and 
Stone. The special point of discussion was electrode 
regulation, and Mr. Turnbull (representing the Thury 
regulator) and Mr. Seede (representing the Seede reg- 
ulator of the General Electric Co.) thought there was 
not enough collaboration between electric steel manu- 
facturers and the manufacturers of electrode regula- 
tors. Mr. Turnbull said that contact devices have al- 
ways been made of copper. But lately cast-steel holders 
have been introduced and cast-iron roof cooling rings 
have been in use for over a year; he recommends their 
use, at least for 25 cycles. 

Mr. Stone said the central station’s chief objection to 
electric furnaces is that in view of their large size, com- 
pared with motors, it is necessary to isolate an electric 
furnace installation completely from the rest of the 
system, beginning at the power plant. This is neces- 
sary with motors only in exceptional cases for large 
capacities. Equalizing the load as much as possible 
over 24 hours will be an advantage to the central sta- 
tion and will reduce the cost of power. 


The Bethlehem 10-Ton Girod Steel Furnace 


A paper by C. A. Buck, of the Bethlehem Steel Co., 
described the 10-ton Girod furnace now in operation 
at the Bethlehem Steel Company’s plant in South Bethle- 
hem, Pa. This furnace made its first heat May 16, 
1916, and has made a fairly consistent run to date. 
Until Sept. 1 the furnace operated on single turn, but 
since then has been in continuous operation, except 
when down for repairs or power. To Feb. 23rd, 247 heats 
have been made, and the quality of steel produced has 
been gradually improved. 

The furnace is cylindrical in form and made of 3%4-in. 
(1.9 cm.) steel plate, approximately 15 ft. (4.5 m.) in 
diameter and 5 ft. (1.5 m.) outside depth, with lami- 
nated outside plates, % in. (1.9 cm.) thick. It is 
equipped with one heavily laden, counterbalanced charg- 
ing door, sliding in a water-cooled frame. The pouring 
spout is directly opposite. On the side of the shell heavy 
copper angles are attached to which are electrically con- 
nected laminated copper bars conveying current from 
the transformers. 
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The furnace rests on heavy cast-iron rockers running 
on rollers supported by rocker frames anchored to con- 
crete foundation. The tilting of the furnace is accom- 
plished by means of worm drive, actuated by a 15-hp. 
motor. The furnace can be tilted toward the charging 
side to discharge the slag through a notch in the charg- 
ing door, or toward the pouring side to pour the molten 
metal into a 12'2-ton ladle located in the pit in front of 
the furnace. The bottom, 20 in. (50 cm.) in thickness, 
is made of double-burnt dolomite well rammed in with 
tar. The metal bath is approximately 16 in. (40 cm.) 
thick. 

Fourteen soft-steel poles approximately 3's in. (9 
cm.) in diameter are connected electrically to the bottom 
of the furnace shell, the lower ends being water cooled. 
The roof construction, which is arched, consists of 9-in. 
(23 em.) silica brick, insulated from the magnesite 
brick of the hearth walls by means of asbestos plates, 
with provision for reception of three 17-in. (43 cm.) 
amorphous carbon electrodes. The electrode coolers in 
the roof are made of copper and are water cooled. 

Ample provision has been made for adjustment, so 
that electrodes can be adjusted and centered firmly and 
speedily. Two laminated copper bars carry the current 
from the transformer to the contact pieces extending 
from the electrode carrier. The lowest point of an 
electrode during operation of the furnace is approxi- 
mately 4 in. (10 cm.) above the surface of the metal 
bath. 

The electrodes are raised and lowered by means of a 
revolving screw spindle centered in the structural 
column, which is driven by a 5-hp. motor, mounted at 
the foot of the column, or, if necessary, it can be op- 
erated by means of a hand wheel. The total weight of 
one electrode-carrying column is approximately 2600 
Ib. (1180 kg.) the weight of an electrode being about 
1000 Ib. (450 kg.). 

The motors employed for this work are reversible, 
interpole type, using direct current at 230 volts, equipped 
with automatic speed regulation. The total weight of 
the furnace is approximately 90 gross tons, which in- 
cludes about 35 tons of refractories. 

About 1500 kva. of 3-phase alternating current, 25 
cycles, 65 to 80 volts, is furnished to the electric fur- 
nace, each electrode receiving one phase of a 3-phase 
current, the conducting hearth of the shell acting as the 
neutral point. Special care has been taken to prevent 
the formation of induced currents in the shell and the 
roof frame, and to prevent sparking from the bus bars 
at the lower end of the electrode-carrying column to that 
column in electrical contact with the shell. 

The current is conveyed to the furnace from three 
water-cooled single-phase transformers of 700 kva. each. 
It is generated by Bethlehem gas engines driving 2500- 
kw. generators, producing 3-phase alternating current 
of 6600 volts at 25 cycles. One reactance coil of 106 
kva. capacity has been provided for the protection of 
each transformer. A special controller for each elec- 
trode is mounted in front of the switchboard, and one 
controller is provided near the pouring spout for the 
operation of the tilting motor. 

Of the 700 kva. leaving the three transformers, about 
620 kva. actually reach the electrode holder, the balance 
being lost in the form of heat through water cooling, 
etc. The consumption of cooling water at the furnace 
is about 20 gallons (75 liters) per minute. 

The yield from cold charge to finished ingots is about 
92 per cent. 

A thoroughly equipped laboratory erected for the 
open-hearth department, which is adjacent to the elec- 
tric furnace department, takes care of the necessary 
testing of the steel, etc. The electric furnace will be- 
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come a valuable adjunct to the Bessemer converter and 
the open-hearth furnaces, as a means of refining their 
molten product. 

It is believed that the greatest field for this grade 
of steel will be in the alloy steel market and for many 
grades of tool steels. Thus far the following steels have 
been made: 1.5, 2.5, 3.5 per cent nickel, nickel chrome 
with 0.50 chromium, chromium vanadium, and simple 
carbon steels ranging from 0.08 to 1.30 per cent carbon. 

The materials used for steel making are as follows: 
Scrap rails, high-phosphorus turnings, billet crop-ends, 
drop-forge trimmings, etc., which mixture should aver- 
age 0.040 sulphur. 

The operation of the furnace is very similar to that 
of the basic open hearth. Following the tapping of a 
heat, turnings are charged and leveled down. Any neces- 
sary repairs along the slag line are made with dolomite. 
Billets or other heavy scrap are next charged, followed 
by turnings until the entire 21,000 lb. (9550 kg.) charge 
is in the furnace. Lime is then added, current turned 
on, and melting is begun. Much of the phosphorus is 
removed through combustion, carbon is reduced by 
oxidation, and some of the sulphur is removed. The 
length of time required for the oxidation is dependent 
upon the carbon and phosphorus content of the charge. 

When it is considered that the oxidation has proceeded 
far enough, a test about 2.5 in. (6 cm.) diam. and 2 in. 
(5 cm.) long is taken, forged under a hammer, quenched 
in water and bent through 180 degrees. When the test 
bends without breaking through the bend, the oxidizing 
slag is removed by tilting the furnace backward and 
skimming off slag through the charging door. Slag 
flows through a chute in the charging floor into a slag 
car under the floor. 

Following removal of the oxidizing slag, the recar- 
burizer is added, followed by the deoxidizing slag of 
powdered petroleum coke, silica sand, lime and fluor- 
spar. This slag dissolves ferrous oxide which has 
formed on the surface of the bath. 

A reasonable time after the addition of the deoxidiz- 
ing slag a test is taken for the laboratory for carbon 
determination. Varying amounts of ferro-silicon, ferro- 
manganese, etc., are added to bring the slag to the point 
where it becomes white, and quickly disintegrates into 
a fine white powder. These alloys act very energetically 
on the oxide in the bath, forming a very fluid slag, which 
easily rises to the surface. During this period, when 
the slag is completely deoxidized and is very basic, the 
desulphurization, which was incomplete during the first 
stage of the operation, proceeds further, and is rapidly 
completed at the time of tapping. 

The average analysis of the preliminary tests taken 
after the charge is melted and before removal of oxidiz- 
ing slag is as follows: 

C.0.07 Mn.0.11 P.0.008 5S. 0.036 Si. 0.022 

The analysis of oxidizing slag from heat Y-1219, a 
high-carbon simple steel heat, and of the finishing slag 
at time of tapping showed: 

Oxidizing Slag. Finishing Slag. 

6.49 

1.26 

0.16 
69.83 

2.61 
0.092 
0.34 


This heat finished with phosphorus 0.010 and sulphur 
0.016. 

Several heats have been made since this one analyzing 
below 0.010 P. and 0.015 S. 

All of these heats are entirely satisfactory from a 
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metallurgical standpoint. The ingots rolled well, and 
in many cases it was not necessary to chip a single billet. 

Nearly all of the heats thus far have been cast in 19 
x 19 in. (48 x 48 cm.) x 6000 lb. (2730 kg.) or 21 x 27 
in. (53 x 68 cm.) x 12,000 lb. (5550 kg.) ingots, and the 
practice on the 35 in. (88 cm.) bloomer mill on the vari- 
ous grades has been from 75 to 82 per cent. 

Mr. Buck’s paper, which in the absence of the author 
had been presented by Dr. Richards, was briefly dis- 
cussed. 


Electric Characteristics of Electric Furnaces 


A very elaborate paper on this subject was then 
presented by A. A. Meyer of the Detroit Edison Co., 
giving the results of an electrical investigation of a 
Heroult and of a Grénwall electric steel furnace, cover- 
ing their construction, operation, load fluctuations, 
power factors, unbalancing effects on the three-phase 
system, and determining the wave distortion by the 
oscillograph. The oscillograph data are studied closely, 
to draw from them deductions as to the self-induction 
of the furnace and connections. The effect of these con- 
siderations on the accuracy of the customer’s watt-hour 
meters is also discussed. 

The paper, which is probably the first of its kind in 
the elaborateness of the research of this subject, will 
deserve close study in all details by electrical engi- 
neers specializing in electric furnaces. It was dis- 
cussed at some length by Messrs. St. John, Seede, 
Flinterman, Cavanagh, Baur and Richards. 


Rennerfelt Electric Furnace Operation 


Mr. C. H. vom Baur, with Messrs. Hamilton and 
Hansell, read a paper giving further information on 
the Rennerfelt electric furnace, supplementary to his 
former paper (our Vol. XIV, p. 479, May 1, 1916). The 
principal improvements, since made, are as follows: 

1. The furnace hearth is now circular, with one set of 
electrodes, and oval shaped with two sets. 

2. The side electrodes are adjustable in a vertical 
plane, allowing them to dip toward the bath. 

3. The available power, or instantaneous available 
heat, has been largely increased. 

The operating results obtained in making these three 
changes have not only kept up the quality of the steel, 
but the cost has been reduced materially. The reasons 
for this are quite apparent. 

With a circular hearth and the flame in the center, the 
heat distribution is equal at the slag line; there are con- 
sequently no cold corners, obviating overheating when 
melting, which is so detrimental to both side-walls and 
roof. The side-walls, slag-line and roof, especially the 
latter, now dome-shaped, are easier to repair. Often, 
only the center portion of the roof bricks need replacing, 
the other roof bricks lasting twice as long. 

The second feature, viz., tipping the side electrodes 
down from a horizontal position, has several advantages. 
When smaller charges than normal are made, the most 
efficient height over the metal when melted can be had. 
During melting, the electrodes at the start, whether for 
partial or full heats, are usually only an inch or so 
(2.5 em.) over the bath. As the charge melts, the elec- 
trodes are continually lowered, thus keeping the flame 
about 2'% to 3 in. (6.2 to 7.5 cm.) over the bath. Bring- 
ing the flame closer to the bath accomplishes two things: 
the melted steel more readily absorbs the heat, and the 
large flame, being farther away from the roof, lengthens 
its life. This is proven by the shorter time to make a 
heat from a cold charge and by a longer life of the roof. 

The possibility of tilting the electrodes up and down 
helps when slagging off, and lessens the breakage of 
electrodes. 








The flame nearer the bath, and with the same poten- 
tial, has a tendency to circulate the slag faster. This can 
easily be observed, and is of the greatest importance. 
A more shallow bath facilitates the refining, as the 
metal comes in contact with this slag on a larger surface. 

The flame itself, depending on the size and electric 
power of the furnace, seems to make a circular patch 
on the thinned slag directly beneath the flame about 
8 or 10 in. (20 to 25 cm.) in diameter, and then mush- 
rooms out. The hotter the furnace, the better the con- 
ductivity of the gases and the greater the spreading of 
the flame. In a two-flame furnace, this flame at times 
seems to spread over the entire bath. This appearance 
is, no doubt, due to incandescent gas. The hearth is 
made more shallow, and thus the rammed-in bottom 
coming up at the sides makes the sides less steep. This 
shallow bath shortens the time of melting down, and 
the lining is less affected at the slag line. ; 

The regulation of the heat applied to the bath is made 
easier by the variable position of the flame above it, and 
it also lessens the danger of overheating, which is apt 
to become so detrimental with an acid bottom. The al- 
most invariably clean steel produced, with the absence 
of inclusions, is obtained by careful handling, yet the 
ease of avoiding overheating is of first importance. 
Metallurgists who have operated the Rennerfelt furnace 
have particularly noted this length point, and the avoid- 
ance of worry which thus ensues. 

Having the electrode tips never more than 3 in. 
(7.5 em.) above the bath, has materially reduced the 
time of melting (so far no Rennerfelt furnace in the 
United States is using fluid charges). With basic bot- 
tom the dephosphorizing time has remained unchanged 
and the desulphurizing period, with the aid of calcium 
carbide slags, has been reduced. When refining and re- 
ducing sulphur with a built-up slag from ferro-silicon 
and lime, as used in the induction furnace, this was 
accomplished with good effect. 

With furnaces having 300 kw. power per ton of output, 
heats have been made on basic bottoms, taking off one 
slag in 2'5 hr. with 670 kw.-hr. per ton when operating 
continuously. With acid bottoms and 200 kw. power per 
ton of output, taking off one slag, good steel and full 
heats have come off in 344 hr., with 635 kw.-hr. per ton. 

The electrode consumption is less than 6 lb. (3 kg.) 
per ton of steel made, operating continuously. Even 
with the present excessively high cost of refractories, 
their cost has been reduced in the smaller furnace of 
one ton from $2.91 per ton of steel made to less than 
$0.80 per ton. Roofs are lasting over 100 heats, and 
approximate the longer life made in Europe with better 
refractories. With a higher power input the heats are 
shortened, due to the smaller melting period (the heat 
being considerably reduced during the refining time), 
thus roofs are lasting more heats than formerly, though 
the actual time is not much changed. Side-walls of 
brick outlast two or more roofs, while the bottom lasts 
a year or two. 

The third change, to higher powered furnaces, besides 
lowering the cost per ton in every way, steadies the 
consumption of electricity, which has already been very 
constant. For instance, a 3-ton furnace operating with 
600 kw., with hand-regulated electrodes, will reduce in 
four or five minutes to about 550 kw. without any 
fluctuation (except during the first part of the melting 
period) and without touching the electrode regulating 
mechanism. With smaller furnaces the steadiness is not 
so marked, whereas with still larger ones, the effect is 
but little improved. The power factor is about 90 per 
cent, with 60 cycles. All sudden strains on the power 


supply are avoided. The are voltage has been raised, 
and is now 110 to 120. 
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In general, too much stress cannot be laid on the vari- 
ous small details, such as tight doors, and tight openings 
around the electrode cooling boxes. With the latter, be- 
sides a small clearance between the cooling box and elec- 
trodes, asbestos washers help materially. 

The paper was discussed by Messrs. Gillett, St. John, 
Bennett, Williamson and Richards. 


The Grinding Wheel 


Mr. R. G. Williams then read his paper on “The 
grinding wheel—a connecting link between the electric 
furnace and the automobile.” It was illustrated by 
numerous lantern slides. The paper is published in full 
on page 599 of this issue. 


The Smoke and Fume Problem 


Two papers, formerly presented before the New 
York Section of the Society, were then read by title 
and briefly discussed. The first, by Ligon Jchnson, 
on “The history and legal phases of the smoke proh- 
lem,” was published in full in our issue of Feb. 15 on 
page 199. The second, by W W. Strong, on “Theo- 
retical aspects of electrical fume precipitation,” will be 
published in full in one of our next issues. 


Chemistry of the Flaming Arc in Relation to 
Luminescence 


The Friday morning session was opened with the 
presentation of a very elaborate paper by Wm. Roy 
Mott of the National Carbon Co. on the above subject. 
The paper is of very considerable interest both from 
the viewpoint of the flaming-arc manufacturer and from 
the viewpoint of analytical chemistry. The subject is 
discussed by the author in twelve chapters under the 
following headings: (1) Introduction; (2) comparison 
of carbon are and flaming arc; (3) magnified arc image, 
apparatus and method; (4) color of arc parts for nearly 
all elements; (5) divided and diffused negative craters; 
(6) volatility and crater distance; (7) materials less 
volatile than carbon, pitting residues; (8) typical char- 
acteristics for analytical purposes; (9) four light 
sources due to reactions with calcium fluoride in arc; 
(10) effect of alkali salts on cyanogen bands; (11) re- 
sults from the electrochemical standpoint; (12) conclu- 
sions. 

The conclusions of the author are as follows: 

There is no case of a blue arc shell. 

In every case except Ba and V, the arc core is blue 
or violet and the shell green, yellow or red. Hence the 
hue of shell in every case except Ba and V is of a longer 
wave length than hue of are core. 

All the non-metallic elements (F, Cl, Br, I, O, S, N) 
give no elemental spectra, but F, Cl, O, N give some 
compound spectra in a carbon arc. Also the halogens 
with alkaline earths except Mg, many oxides, a few 
nitrides, 

The intermediate elements, P, As, B, give no visible 
and only a few ultra-violet lines in the carbon arc. 

The easily reduced metals (i.e., easily electrolyzed in 
metallic form from aqueous solution) give no arc shell 
except the iron (magnetic) group of elements. The low 
energy of reaction at high temperatures explains this 
lack of light. 

The most electropositive elements give the most 
marked colored luminous shells especially where more 
than one valence stage is characteristic of the element 
at high temperatures. 

With yttrium oxide, the crater on the bead alone gives 
a green shell replacing the usual red, with crater partly 
cn bead and on carbon. 

Zirconium oxide gives a yellow-white shell. The yel- 
‘ow-white is probably due to hot solids, as zirconium 
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carbide is less volatile than platinum and its oxidation 
would give also extremely non-volatile oxide. Zirconium 
metal is fairly volatile. 

In nearly every case with a carbon arc, the flow of 
material is from positive to negative. However, with 
the salts of K, Rb and Cs, there is in mixtures with for 
example calcium fluoride a strong blast which also comes 
irom the negative crater causing a unique dimness near 
the negative part of arc. 

A dim, large positive crater can often be produced by 
nearly all salts of K, Rb, Cs, and oxysalts of sodium. 
This with the effect on cyanogen bands and marked arc 
length may be explained by the reaction: KF + 2(CN) 

KCN + CNF, and others necessary to return by oxi- 
dation to KF, CO, and N.. 

A dim negative crater is most easily produced by 
barium salts volatilized from the positive. This as well 
as that with other materials is probably connected with 
nitrogen reactions at fairly high temperatures. 

Beryllium oxide is the least volatile of the oxides 
which are so insulating as not to allow cratering, such 
as alkaline earth oxides, aluminium oxide, and silica. 

The oxides of yttrium, zirconium, thorium and other 
rare earth elements allow cratering. 

Tungsten is easily the least volatile of all known ele- 
ments, with tantalum second. 

The light sources of a yellow flame are are due to 
reactions involving calcium fluoride, calcium oxide, cal- 
cium carbide and elemental calcium (lines), in addition 
to usual carbon arc light sources. 

A simple cheap means of qualitative (and to some 
extent even quantitative) analysis is found in the mag- 
nified arc image. This enables much data on relative 
volatility to be quickly obtained. 

Mr. Mott’s paper, which was illustrated by some very 
instructive and interesting colored charts, was discussed 
by Messrs. Hinckley, Fink, Richards, Frary, and Lid- 
burg. 


The Vosmaer Phenomenon 


A paper by Dr. W. C. Moore of the National Carbon 
Company, on “The Vosmaer Phenomenon,” was then 
read by Mr. Mott in the author’s absence. As the Vos- 
maer phenomenon was first described in this journal sev- 
eral years ago, we publish Dr. Moore’s paper in full else- 
where in this issue. 

In the discussion which followed, Dr. Fink said that 
this afforded a very simple method of testing metals 
and alloys for heat resistors. To produce the Vosmaer 
phenomenon, three conditions must combine: firstly, the 
envelop (nickel oxide in the case of the Vosmaer phenom- 
enon) must not be soluble in the metal inside (nickel) ; 
secondly, it must have a higher boiling point, and 
thirdly a high surface tension. 


Acid-Resisting Properties of Some Iron-Silicon Alloys 


A paper on this subject, by Prof. O. L. Kowalke 
of the University of Wisconsin, was read in abstract, in 
the author’s absence, by Dr. Watts. 

Various acid-resisting alloys of commercial impor- 
tance have been produced within recent years, and 
among these the iron-silicon alloys seem to give satisfac- 
tory service in many operations. 

W. Guertler and G. Tammann’ worked out the equilib- 
rium diagram for these alloys. The curve shows mixed 
crystals or a solid solution of Fe and FeSi between 0 and 
20 per cent silicon. At 20 and at 33.7 per cent silicon 
there are two compounds, Fe,Si and FeSi respectively, 
which combine to form a eutectic at about 21.4 per cent 
silicon. The compound FeSi and free silicon form a 
eutectic at 60.6 per cent silicon, which corresponds to 
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the formula FeSi.. 
1250 deg. C. and that of FeSi about 1443 deg. C. 
alloys made for this investigation lay in the region of 
mixed crystals, and did not contain over 20 per cent 
silicon. 

The alloys were made from electrolytic iron and ferro- 
silicon which analyzed 49.5 per cent silicon; no test was 


The melting point of Fe,Si is about 
The 


made for carbon. Acheson graphite crucibles lined with 
magnesium oxide were used to melt the alloys. Each 
charge was made up to a total weight of 200 grams and 
the amount of ferro-silicon for each alloy was computed 
from the amount of silicon to be added. The charges 
were melted in the covered crucibles in a granular car- 
bon resistor furnace. 

The mold for casting the alloys was made from Ache- 
son graphite. 

The alloys were not stirred while in the furnace, but 
as the crucibles containing the fluid alloys were re- 
moved from the furnace they were given a gyratory mo- 
tion so as to mix the molten charge thoroughly. The 
melted alloys were then poured from the crucibles into 
the molds. 

Since the alloys cooled very rapidly upon being poured 
into the mold, there was undoubtedly a negligible amount 
of carbon absorbed, but no chemical analyses were made 
to prove this point. 

The alloys of low silicon content made good soft cast- 
ings. Above 3.5 per cent silicon the alloys were brittle. 
In alloys of 7.5 per cent silicon and above there were 
such severe strains developed on casting that they 
would frequently break into small pieces in the mold. 
Some alloys with more than 11 per cent silicon would fly 
apart with great violence. Two castings with 16 per 
cent and 17 per cent silicon broke in the acid during 
corrosion tests the second week after casting the same. 

The acids used in the acid corrosion tests were 10 per 
cent solutions by weight of sulphuric, hydrochloric, 
nitric, acetic, and citric acids. The temperatures of the 
acids when made and when used in the tests were be- 
tween 20 deg. and 25 deg. C. 

The results of these tests are given in the original 
paper in form of a series of tables. The per cent loss is 
cumulative. The general results of the tests may be 
summed up as follows: 

Sulphuric Acid: The loss is greatest at about 3.7 
per cent silicon, then the resistance increases to a maxi- 
mum with a silicon content of 16 per cent. Beyond this 
content of silicon the resistance seems to decrease. 

Hydrochloric Acid: The loss is greatest at about 3.7 
per cent silicon, and least at about 18 per cent silicon. 
Beyond this content of silicon there is a decrease in the 
resistance. 

Nitric Acid: The loss diminishes quite steadily until 
the silicon content reaches 16 per cent, after which it 
increased. 

Acetic Acid: The loss increases up to a content of 
silicon of about 5 per cent, beyond this point it decreases 
steadily to 16 per cent silicon, beyond which it again 
increases. 

Citric Acid: The corrosion increases up to a content 
of 3.3 per cent silicon, beyond which it gradually de- 
creases to the point where the silicon is 17 per cent. 

The author’s final conclusions are as follows: 

Silicon-iron alloys of about 3 to 5 per cent silicon are 
attacked very readily by sulphuric, hydrochloric, acetic, 
and citric acids. These alloys are not excessively brittle. 

Silicon-iron alloys of about 16 to 18 per cent are ex- 
ceedingly resistant to action of sulphuric, hydrochloric, 
nitric, acetic, and citric acids. These alloys are so brittle 
that they must be ground; they can not be machined. 

A solid solution of FeSi in iron near 20 per cent sili- 
con is resistant to mineral acids. 
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Search is in progress for a third metal which can be 
added to the iron-silicon alloys to improve their 
strength and still retain the resistance to the action of 
acids. 

The paper was discussed by Messrs. Burgess, Watts, 
Richards, Brooks and Mott. 


Corrosion of Cast Iron 


A paper by E. A. Richardson and L. T. Richardson 
on “The Corrosion of Cast Iron and Its Bearing Upon 
the Electrolytic Theory of Corrosion” was read in ab- 
stract by Dr. Richards in the authors’ absence. 

Cast iron has not been as extensively studied for its 
anti-corrosion properties as steel or pure iron. The au- 
thors think that being less pure and more heterogeneous 
than either of the latter, it should rust faster according 
to the electrolytic theory of corrosion. Three pieces of 
these three materials were exposed to rusting influences 
for seven months, then cleaned and weighed. Pure iron 
corroded least, cast iron 25 per cent more, and steel 100 
per cent more. According to the authors, the electro- 
ivtic theory of corrosion does not explain these results. 

The paper elicited quite an extended discussion. Dr. 
Hering thought that the authors do not interpret the 
electrolytic theory of corrosion correctly. Dr. Badger 
called attention to the fundamentally important paper by 
Heyn and Bauer. Mr. Fuller called attention to the ad- 
vantageous addition of a small amount of copper to steel 
as another example of a heterogeneous substance with 
better resisting qualities. 

Mr. Speller said that there is no material difference 
between cast iron and steel if a large enough number 
of samples are tested with the same finish. It would 
be dangerous to draw general conclusions from this 
paper. The composition of a steel has not so very much 
to do with corrosion nor does that involve the electro- 
lytic theory of corrosion. Corrosion is essentially a 
surface reaction. For practical purposes it is very im- 
portant to take into consideration that the products of 
initial corrosion may provide a mechanical protection 
against continuation of corrosion. This is, for instance, 
the case with copper-steel, where a protective oxide sur- 
face film is formed. 

After some further remarks by Mr. Burgess and Mr. 
Schuler, a communicated discussion by Dr. Henry M. 
Howe was read pointing out that the results of the 
authors were not in conflict with the electrolytic theory 
of corrosion. Initial corrosion produces a surface of 
graphite which becomes protective. 

Mr. Lidbury thought that too many workers on corro- 
sion approach the subject with a wrong mental attitude. 
They are not looking at it as a many-sided complicated 
phenomenon, but are trying to find a single explanation. 


Low-Temperature Electrothermal Processes 


A very interesting paper on this subject was pre- 
sented by C. F. Hirshfeld, chief of the Research De- 
partment of the Detroit Edison Company. As it relates 
to a broad subject that is bound to increase in impor- 
tance from year to year we print the paper practically 
in full. 

Those who have become familiar with the various 
uses of electric furnaces of one sort and another have 
come to recognize the fact that, in a general sense, the 
electric furnace can not be considered a commercial 
competitor of furnaces heated by combustion. The use 
of the electric furnace must make possible the attain- 
ment of something unattainable by combustion methods 
or else there is no possibility of its being used in place 
of the older type excepting, possibly, under very unusual 
conditions as to the relative costs of fuel and electrical 
energy. 
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If this is true of high-temperature processes such as 
are commonly associated with electric furnaces it needs 
no argument to prove it true for low-temperature 
processes in which combustion methods have a greater 
advantage on an energy cost basis, because of the lower 
temperatures at which the products of combustion can 
be discharged. 

This condition is frankly admitted, and it should be 
understood at the start that it is not the intention of this 
paper to urge the general substitution of electric heating 
for combustion heating in low-temperature processes 
in general, or in some low-temperature processes ex- 
clusively. There are certain low-temperature processes 
which, under certain circumstances, can be conducted 
to better commercial advantage by means of electric 
heating than is possible by means of combustion heat- 
ing, and it is the purpose of this paper to point out some 
of these processes, some of the phenomena connected 
therewith which indicate the advisability of heating 
electrically, and some of the possibilities which electric 
heating unfolds. 

The term low temperature is not exact, but for present 
purposes may be taken as referring to temperatures be- 
low about 290 deg. C. (554 deg. Fahr.). Such tempera- 
tures are below practically all commercial metal-melting 
temperatures but are common in numerous baking and 
drying operations which form a surprisingly large part 
of industrial processes. 

The exploitation of electric heating for such low tem- 
peratures in industrial practice is really comparatively 
old, since numerous small electrically heated appliances 
operating at such temperatures have been used as a 
matter of convenience in manufacturing establishments 
for a number of years. During the past few years, how- 
ever, the use of electric heating for such temperatures 
has been adopted in cases caliing for the installation of 
equipments with capacities ranging from several hun- 
dred to several thousand kilowatts. This is obviously 
a different sort of a proposition, and must be based on 
a far broader consideration than mere convenience. 

ELECTRIC JAPANNING OVEN 

The best example of the extensive adoption of electric 
heating for low-temperature work is furnished by the 
electric japanning equipment installed during the past 
few years. 

The name “japan” originally referred to a sort of 
liquid lacquer or varnish made from vegetable sources 
in Japan and used as a protective or decorative coating 
on objects made of wood and other materials. This 
original japan was converted into a hard, brilliant mate- 
rial by exposure to sunlight. At the present time the 
word japan is used as a sort of collective title for a num- 
ber of paint-like materials which are intended to be 
baked at various temperatures between 100 deg. C. 
(212 deg. Fahr.) and 260 deg. C. (500 deg. Fahr.) and 
which are generally used for decorative or protective 
coatings on metal objects. 

Originally, these baking japans were much like var- 
nishes to which pigment had been added, but as the 
development of industry made more and more specific 
demands the number of japans manufactured was great- 
ly increased and many different. type formulas were 
adopted. At the present time one can purchase under 
the name “japan” materials varying all the way from 
combinations of pigments with driers, linseed oil and 
expensive gums to materials which are little more than 
Gilsonite or other asphaltic compound carried in a suit- 
able solvent with enough oil or similar material to make 
it resilient after baking. Driers are often included in 
the mixture, but this is not a universal practice. 

The changes which occur during the baking of these 
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japans are very complicated, and are not yet entirely 
analyzed from the scientific standpoint. It is certain 
that the solvent partly or wholly evaporates during the 
baking, and it is also certain that the oils and gums 
undergo oxidation and polymerization. It is also prob- 
able that complicated reactions occur between the numer- 
cus varieties of hydrocarbons and hydrocarbon deriva- 
tives present in the mixture. 

The general lack of exact knowledge is shown by the 
fact that few, if any, makers of japan can predict the 
behavior of their materials under unusual conditions. 

At the present time a number of chemists who have 
been specially trained in the technology of paints and 
varnishes are at work on japans, and it is probable that 
more exact information with regard to these materials 
will be available in the future. 

When electric baking of japan was first considered a 
few years ago, it was found that practically all jajan- 
ning practice was of an empirical character. Moreover, 
no two japanners seemed to agree upon the proper meth- 
ods of applying and baking a given japan even when all 
essential variables, such as weight and character of 
work, were the same. Discussion of the various prob- 
lems with many users and with many makers of japans 
brought out the fact that practically all agreed upon 
certain rules and regulations but that there was a large 
mass of so-called trade secrets which were, partly or 
wholly, mutually contradictory. 

Obviously, this particular art had not yet progressed 
beyond the empirical state. Scientific analysis had not 
been extensively undertaken, no consistent mass of 
scientifically accurate facts had been accumulated, and 
operators were hired on the basis of a self-advertised 
collection of rules of thumb combined with most wonder- 
ful and weird imaginary charms of various sorts for in- 
suring excellent results. The executives responsible for 
factory production were entirely at the mercy of these 
self-styled experts, some of whom were really remark- 
ably clever men, but many of whom could really lay no 
claim to such a title. 

It is not surprising that, under such conditions, the 
japanning room should have been a source of constant 
worry. On one day very satisfactory results were ob- 
tained, and on the next all sorts of imperfections ap- 
peared. 

In many establishments an average rejection of as 
much as 10 per cent of the finished work was regarded 
as a characteristic of japanning processes and was taken 
as a matter of course. In some instances on record re- 
jection of over 50 per cent for several days in succession 
occurred at irregular intervals. 

Such facts indicate plainly to the trained observer 
that one of two conditions exists. Either the conditions 
necessary to insure completely satisfactory work are 
not known or else the control of the essential variables 
is imperfect. In the case under discussion both condi- 
tions seemed to exist and the methods in vogue made it 
so impossible to control the essential variables that little 
opportunity existed for studying in the field the effects 
produced by giving them different values. 

As an example of the complications to be met consider 
the possibilities existing in any given case. Assume, 
for instance, a given japan used in connection with a 
given piece of material. 

1. The japan may be thinned to various degrees, but 
there must be some value which will give the most satis- 
factory flow combined with proper covering of the 
article. 

2. The japan may be maintained at a number of 
different temperatures during application, but there 
must be some japan temperature which will give the 
best results. 
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3. The material being covered may have a number 
of different temperatures when the japan is applied, 
but there must be some best value. 

4. The length of time during which the material is 
allowed to drip or stand after the application of the 
japan may vary widely, but there must be some best 
time. 

5. The temperature of the material and space during 
the interval between application and baking may have 
numerous constant or changing values, but there must 
be some best value. 

6. The law of temperature rise during baking is 
capable of infinite variation, but there must be some 
best sequence of temperatures. 

7. The law of temperature fall after the maximum 
baking temperature has been maintained for the re- 
quisite length of time is also capable of infinite varia- 
tion, but there must be some best sequence. 

8. The condition of the atmosphere, both with regard 
to contained moisture, contained japan vapors, and con- 
tained impurities or admixtures of various sorts, must 
have a decided effect and some best condition must be 
possible of attainment. 

Admittedly the list of variables is formidable, but 
they are all of such character as to yield to simple ex- 
perimental investigation. Unfortunately, the effects of 
practically all are overlapping, and a thorough investi- 
gation must therefore involve a great expenditure of 
time. 

The application of electric heating to this art served 
the very useful purpose of making it possible to control 
accurately some of the variables, and the combination of 
electric heating with the continuous methods which were 
intveduced with it made this control more extensive and 
automatic. With the combination of electric heating 


and continuous types of oven as now built, it is pos- 


sible to control accurately and automatically all of the 
variables listed above. Therefore, if one piece of work 
is satisfactory all must be satisfactory, if they come 
to the japanning room in the same state of preparation 
and if they have the same characteristics as to quality 
of material, contour, distribution of mass, etc. 

Much of the credit for the control attainable with 
electric heating must be given to the mobility of elec- 
tric heating units. They can be shifted about with 
great ease until that particular arrangement which 
gives the best temperature distribution and best tem- 
perature gradient is discovered. After they are once 
located in such positions, the results attained are inde- 
pendent of all of the variables characteristic of com- 
bustion processes. Their performance must be the 
same not only day after day, but even year after year. 

The ease and certainty with which electric heating 
units can be controlled automatically must also be given 
its full share of credit. The human factor with all of 
its inherent tendency toward forgetfulness and toward 
variation from time to time is absolutely eliminated 
by this method. 

Since the introduction of continuous electrical meth- 
ods it has been possible to make semi-scientific investi- 
gations in the industrial field, and several notable pieces 
of work have been done along these lines. As a result 
of one such investigation, the japanning in one large 
plant has been reduced to what is practically an absolute 
basis. In this case practically everything is controlled 
automatically and one individual located in front of an 
instrument board some distance from the ovens and out 
of sight of all operations has general supervision of the 
entire process and is responsible for results. 

Certain interesting facts have been brought out in 
connection with the electrification of this art. It does 
not seem advisable to burden this paper with a dis- 
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cussion of all of them, and attention will therefore be 
confined to one set of facts which is particularly illumi- 
nating. 

At the time when electrification started it was cus- 
tomary to bake japan in direct-fired gas ovens, in most 
plants. In these ovens gas is burned within the space in 
which the work is enclosed, and the products of combus- 
tion bake the work during the entire process. Temper- 
atures of the order of 180 deg. C. (356 deg. Fahr.) were 
considered the maximum allowable, and from 12 to 3 
hours were required per bake. For good work, which 
was to show a fine finish and was to resist wear and 
weather, three or more coats were deemed necessary. It 
was found to be particularly difficult to be sure of 
obtaining a high gloss, and the weathering qualities of 
work made under what were supposed to be exactly 
similar conditions were remarkably diverse. 

After many abortive efforts to find means of studying 
what actually occurred during baking it was decided to 
resort to the microscope, in the hope that surface struc- 
ture might throw some light on the matter. The re- 
sults obtained greatly exceeded anticipations. 

Microphotographs showing typical structures resulting 
from baking japan are given in the paper. It is shown 
that from baking japan slowly in a direct-fired gas oven 
the formation of small craters results which seems to be 
typical of all baking methods in which the heating is 
done by means of hot gases bathing the work. It is 
possible that their occurrence may be explained by what 
may be called subsurface vaporization (as explained in 
greater detail in the original paper). 

These craters are probably partly self-healing, as the 
process is ordinarily conducted, but the healing is not 
perfect. A collection of such craters is all that is neces- 
sary to account for poor gloss and poor weathering 
qualities. 

On the other hand, microphotographs of work done in 
electric japanning ovens under otherwise identical con- 
ditions show that the electrically baked piece has smaller 
and more evenly distributed craters, and that the sur- 
face is more perfect. Other comparative photographs of 
second and third coats show far more perfect surfaces 
resulting from electric heating. 

It is interesting to note that the baking of the coats 
in the gas oven consumed a total of five and a half hours 
while the three corresponding coats were baked electri- 
cally in two hours and forty minutes. 

Inspection of pieces baked in direct-fired gas ovens 
and similar pieces baked in electrically heated ovens 
always shows that the electrically baked material has a 
higher and more perfect gloss or finish. 

This could be accounted for by assuming some action 
between products of combustion and the japan itself, 
and some evidence seems to indicate such action under 
certain conditions. However, in view of the micropho- 
tographs already referred to and the explanation of the 
craters, it seems more likely that the difference is due 
te the way in which heat is applied. 

As a matter of fact, practically all heat transferred 
to the work in a direct-fired gas oven is carried to it by 
hot gases, that is the transfer is by convection. In an 
electrically heated oven at least part of the heat is 
brought to the work in the same way because of the 
circulation of oven atmosphere set up by the presence of 
the heaters. The rest of the heat is transferred by 
radiation from the hot heaters, and it seems probable 
that the action of the heat received in this way is dif 
ferent from that received by convection. It is at least 
probable that radiant energy penetrates the japan coat 
to a considerable depth before being entirely absorbed 
and converted into heat, and this causes more rapid set- 
ting of the inner portions of that coat. 
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If the craters are due to the causes assumed above, it 
should be possible to eliminate them entirely by baking 
the japan in a reversed direction, that is, from the in- 
side out. This can be done electrically by heating the 
metal itself either by the direct passage of current or 
by induced eddy currents. 

Certain experiments were conducted on a small scale 
for the purpose of determining the relative effects of 
baking by pure convection, baking by combined radia- 
tion and convection and baking by heating of the metal 
itself. For this purpose similar samples, dipped in the 
same japan, were baked in bottles. For convection 
baking filtered air was heated in an electric oven to the 
proper temperature and was then drawn through a bot- 
tle in such a way as to make it bathe the enclosed sam- 
ple. For combined convection and radiation, the sam- 
ple was surrounded by electric heaters enclosed with it 
in a bottle, the volatiles being drawn off and circula- 
tion being maintained by means of a small laboratory 
pump. For baking by internal heating the bottle and 
its inclosed sample were suspended in an alternating 
magnetic field of sufficient intensity to give the desired 
temperature gradient. During baking volatiles were re- 
moved by a small laboratory pump as before. 

Inspection showed the sample baked by convection 
heating to have the poorest surface and that baked by 
internal heating very obviously had the highest gloss 
and most perfect surface. It was hoped that reproduc- 
tions of microphotographs of these samples could be 
given in this paper, but it was unfortunately impossible 
to prepare them in time for inclusion. 

It is of particular interest to note that baking by in- 
ternal heating is essentially an electrical method, and 
that it is far removed in every way from methods pre- 
viously in use. It is further important to note that 
with this method a maximum metal temperature of the 
order of 170 deg. C. (338 deg. F.) and a bake of 15 
minutes are perfectly cavable of giving better results 
than can be obtained with external electric heating with 
45-minute bake and a maximum temperature of 230 deg. 
C. (446 deg. F.). It also seems probable that one coat 
baked in this way will prove the equal of two or three 
baked by the older methods. The effect of all this upon 
energy charges for a given weight of metal baked is 
perfectly obvious. 

It seems hardly necessary to discuss at greater 
length the various phases of the japanning art. It 
should be evident that electric heating opens up oppor- 
tunities for improving the product and the production 
methods used in obtaining that product. It should also 
be evident that electric heating is capable of reducing 
factory operations in this field to so exact a procedure 
that accurate laboratory control is made possible. With 
industrial conditions brought to this point it becomes 
possible for research chemists to work to advantage 
toward the improvement of the japans themselves and 
toward the improvement of the methods of their util- 
zation. 


ELECTRIC BAKING OF FOUNDRY CORES 


An equally promising field exists in foundry core 
rooms. The baking of foundry cores is at present a 
nost haphazard process in the majority of foundries. 
A casual inspection of one batch of exactly similar 
ores will generally show colors varying from a light 
an or even lemon yellow to a dark chocolate brown. 
me of the numerous varieties is certainly better than 
ll the rest, and it would seem desirable to determine 
vhich one is the best for a given set of conditions and 
hen to make all of them like it. 

Preliminary experiments conducted for the purpose 
f discovering whether the essential properties of cores 
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varied as greatly as their colors gave most astounding 
results. Strength was taken as reference in this case, 
although admittedly it is only one of numerous prop- 
erties which must be considered in defining a perfect 
core. 

One set of experiments was made upon exactly sim- 
ilar cores, made of the same materials and tamped to 
the same extent. They were baked at different rates 
and also with different maximum temperatures. Curves 
of strength plotted against time of bake and also plotted 
against maximum temperatures were sharply domed in 
all cases, and showed variations of several hundred per 
cent in any one case. Samples of these cores were 
shown to experienced foundry men after rupture so 
that both exterior and interior were visible, and they 
picked out, as good, cores which had shown relative 
variations of over 100 per cent. 

Another set of experiments were made to determine 
the effect of air circulation. Again a number of ex- 
actly similar cores were tested. Baking methods were 
alike in every respect excepting for the quantity of air 
drawn over the core during baking. Strength of core 
was plotted against quantity of air passed in unit time, 
and again a sharply domed curve was obtained. Ap- 
parently, excess air is detrimental, though not to the 
same extent as a deficiency of air. What is more im- 
portant is the demonstration that some definite quantity 
of air gives the best results. 

It seems probable that investigation will show that 
porosity, brittleness, character of surface, and all of the 
other properties which must be considered in connection 
with cores will be affected in some such way as strength 
has been shown to be affected by the variables studied. 
If this is true, it certainly seems as though the foundries 
which carefully study their production methods and 
costs will ultimately demand more perfect control of 
the core-baking process. When this time arrives it 
seems probable that electric heating will play a part 
similar to that which it has played in the japanning 
field during the past few years. 

As a matter of fact, there are now in operation sev- 
eral electrically heated core-baking ovens, and their 
users all appear highly enthusiastic over the results 
attained. 

The core problem appears to the author as one of the 
most promising fields for combined chemical and engi- 
neering investigation, and he feels certain that im- 
provements such as those shown possible in japanning 
will appear insignificant in comparison with those 
which are possible of attainment in the core room. 

Japanning and core baking have been used as ex- 
amples because of the tremendous extent of both of these 
industries, and because it happens to be possible to 
record the results of a sma!l amount of experimental 
work in both of these fields. It must not be assumed, 
however, that they represent the only possibilities for 
the application of electricity to low-temperature baking. 

There are numerous other low-temperature baking 
processes, and the majority are in the same undeveloped 
state as are the two cited above. One very important 
field in which little has been done is the baking of food- 
stuffs, such as bread and other cereal products. Elec- 
tric heating has been applied to the baking of such ma- 
terials in several cases with very gratifying results, im- 
proving both the appearance and quality of the product. 

In conclusion, it is well to call attention to the fact 
that the introduction of electrical methods for such pur- 
poses as enumerated above should be of particular in- 
terest to the chemist, because it makes it possible to 
reproduce on an industrial scale a sequence of opera- 
tions and conditions which have been worked out on a 
small scale in the laboratory. It makes it possible to 
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control industrial production to the same extent that 
laboratory investigations are controllable, and it thus 
opens to the chemist in the industrial field a tremen- 
dous opportunity for improvement of product and 
increased production. 

Professor Hirshfeld’s paper elicited a long and ani- 
mated discussion which could not be finished in the Fri- 
day session and was taken up again in the Saturday 
session. 

The discussion was opened by Mr. Lidbury, who em- 
phasized the enormous importance of the subject. Effi- 
ciency and cost of energy are in low-temperature reac- 
tions of far less importance than convenience. For 
carrying out many chemical reactions electric heating 
is best. A lot more should be done by electric com- 
panies to further electric heating. The electric heating 
art is not in good shape. 

Dr. Hering emphasized that in the study of drying 
problems it is important to consider the saturation of 
the surrounding atmosphere. Internal heating may be 
very difficult in cases, for instance, of certain automo- 
bile parts when the direct passage of a current through 
the part to be heated is impracticable and recourse 
would have to be had to hysteresis and eddy-current 
heating. 

Mr. W. S. Scott, of the Westinghouse Co., gave a com- 
plete wiring diagram, with safety devices, for an elec- 
tric japanning oven, together with its motor-driven 
exhauster. A japan which does not require a volatile 
solvent for thinning would represent an important step 
forward. 

Mr. H. M. Lane emphasized the variety of conditions 
and problems met with in core-oven practice. 

Mr. Richardson said that native China lacquer has 
no volatile solvent. It is always applied on muggy days, 
never on sunny days. 

Mr. C. P. Madsen agreed with Mr. Lidbury that the 
commercial end of the electric heating industry con- 
tains very undesirable features, but he protested vigor- 
ously against Mr. Lidbury’s complete condemnation of 
the electric heating art. It would be wrong for those 
who have electric heating problems to solve for their 
own use to try and solve their own problems. There 
are several electric companies whose industrial depart- 
ments can give any desired information on electric 
heating, and there are independent “heating engineers” 
who give expert advice and solve heating problems for 
their clients. For many applications non-patented and 
comparatively inexpensive resistor materials are avail- 
able. 

The interesting, illuminating and in part very amus- 
ing discussion between Mr. Lidbury and Mr. Madsen 
was continued the next day; finally both found them- 
selves in complete agreement. 

In his final reply Professor Hirshfeld emphasized 
that the cost of energy is by no means necessarily the 
vital point. Ten years ago japanning was done by coal 
and coke firing. The change to gas heating involved 
an energy differential of 18 to 1, but the higher cost 
of the gas was considered of minor importance. Why 
not now change to electric heating where the differential 
is so many times smaller than in the former case? 


Switchboard for Experimental Furnace Work 


The last paper of the Friday session was presented 
by Dr. W. L. Badger of the Chemical Engineering 
Department of the University of Michigan, describing 
an inexpensive and solidly constructed switchboard for 
laboratory use, especially arranged to give great flexi- 
bility of current in the operation of small electric fur- 
naces. 
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Automobile Storage Batteries 


The first paper of the Saturday session was pre- 
sented by W. C. Brooks of the National Carbon Com- 
pany, giving a very useful and instructive summary of 
the present status of the lead storage battery for auto- 
mobile service. 

The chemistry of the lead accumulator was reviewed; 
the service required in automobiles was classified as 
for ignition, starting and lighting, and motive power 
The construction and design of each kind was discussed, 
also their electrical characteristics, followed by descrip- 
tion of the causes of trouble and failure, with hints as 
to remedies. 


Charging the Edison Storage Battery 


A paper by Dr. M. De Kay Thompson and L. R. 
Byrne of the Massachusetts Institute of Technology 
on “the current efficiency in charging the Edison stor- 
age battery” reaches the following conclusions: 

1. That an Edison battery, after standing for a long 
while requires a long charge to get it into good condi- 
tion, and that the battery can be restored by this treat- 
ment. 

2. At room temperature the efficiency of charging 
the iron plate is in general greater than that for the 
nickel plate. 

3. At low temperature the efficiency of charging is 
reduced. 

4. On starting the charging a maximum in the effi- 
ciency for both plates is reached in the early part of 
the charge. 


Magnetite Electrodes 


A paper by Dr. M. De Kay Thompson and T. C. 
Atchison was then presented, dealing with the pro- 
duction and properties of magnetite electrodes. It is 
published in full on page 605 of this issue. 


Electrolytic Tungsten 


The paper by W. E. Koerner of the Edison Lamp 
Works of the General Electric Co., at Harrison, N. J., 
on “The electrolytic behavior of tungsten,” has already 
been published in our issue of Jan. 1, 1917, page 40. 

The paper elicited quite an extended discussion as to 
the proper sign for electrode potentials and the proper 
use of the terms “higher” and “lower” potentials. 
Messrs. Frary, Fink, Watts, Hering, Mott, and Lidbury 
participated in the discussion. The outcome was that a 
motion of Mr. Mott was carried that a committee be 
appointed to look into the matter of nomenclature and 
report at the next general meeting. 


Electrolytic Pickling of Steel 


A paper on this subject, by Dr. M. De Kay Thomp- 
son and O. L. Mahiman of the Massachusetts Insti- 
tute of Technology, was then presented. 

All the iron or steel objects which in the process of 
manufacture have been heated in the air are covered 
with “fire scale,” which is an oxide of iron correspond- 
ing in composition approximately to the formula Fe.0,. 
This has to be removed before the surface can be plated 
or galvanized, and this is usually accomplished by im- 
mersing in some acid until the scale is removed by the 
hydrogen formed by the action of the acid on the iron 
beneath the scale, which it reaches through the cracks 
in the scale. 

The action which would be expected if a sheet of iron 
covered with scale were used as cathode in an acid solu- 
tion is a reduction of the higher oxide to lower oxide. 
This oxide would be dissolved by the acid. There would 
also probably be a certain amount of chemical action 
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between the iron under the scale and the acid, as in 
the purely chemical treatment. It is this action which 
the electrochemical process attempts to avoid as much 
as possible. 

The electrolytic method has been patented by C. J. 
Reed, U. S. Patent, Nos. 855,667, 827,179, 827,180 
(1907). See also Tr. Am. Electroch. Soc. 11, 181, 1907, 
and Hering, Met. and Chem. Eng. 13, 785, (1915). His 
specifications, which are followed in this investigation, 
are: Sulphuric acid of 1.2 specific gravity, at 60 deg. 
C., current density of 40 to 60 amperes per square foot 
(4.27 to 6.42 amperes per square decimeter). The 
anode is lead. The iron sulphate formed is to be re- 
moved from the solution from time to time by cooling to 
0 deg. C. 

The method of comparing the two operations consisted 
in treating two similar mild steel plates covered with 
equal amounts of scale by the two methods until their 
appearance showed the pickling was completed. The 
pickling baths were then concentrated until all solid 
matter which had dropped off was dissolved, and were 
then analyzed for iron. The amounts of iron dissolved 
in the two processes formed the basis of comparison. 

The chief results of the investigation of the authors 
are as follows: 

1. The relative efficiency of electrochemical and chem- 
ical pickling was determined, and the saving in expense 
which would be effected under the conditions of these 
experiments, showing greatly in favor of the electro- 
chemical method. 

2. The extent to which fused magnetite is reduced in 
sulphuric acid solution under different conditions of 
temperature and current density was also measured, 
and the best conditions of temperature and current 
density were determined. 

In the discussion Dr. Hering stated that the chief 
advantages of the electrolytic pickling process are the 
saving of good iron and good acid. A large experi- 
mental plant is being erected to try out the process on 
a commercial scale. 


Electroplating Papers 


Dr. F. C. Mathers of Indiana University then pre- 
sented four papers by himself and co-workers on differ- 
ent electroplating problems. 

A paper by Dr. F. C. Mathers and K. S. Means 
describes “tests of antimony plating baths” in which 
the deposition of antimony from numerous electrolytes 
was tried, such as the tartrate, chloride, oxalate and 
fluoride, with the addition of glue, peptone, aloin, etc., 
as addition agents. The most satisfactory bath is the 
fluoride, containing free hydrofluoric acid and a small 
amount of aloin, resorcinol, alpha-naphthol, betanaph- 
thol, or salicylic acid. 

A paper by Dr. F. C. Mathers, K. S. Means and 
B. F. Richard discusses the “electrodeposition of anti- 
mony from fluoride baths containing addition agents.” 
The deposition of antimony was studied from fluoride 
baths containing free hydrofluoric acid, with the addi- 
tion of various kinds of organic addition agents. With- 
out additions the deposit is crystalline, while very small 
amounts of various addition agents make it smooth and 
glossy. Aloin and clove oil are found most effective 
additions; the correct very small quantity must be main- 
tained in the bath. The current efficiency is close to 
100 per cent. 

A paper by Dr. F. C. Mathers and T. G. Blue dealt 
with “addition agents in the electrodeposition of silver 
from uncommon silver salts.” 

Silver perchlorate, fluosilicate, fluoride and ethylsul- 
phate baths were electrolyzed with glue, peptone, gum 
arabic and various other addition agents. The deposits 
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were somewhat better than with the same addition 
agents in nitrate baths. 

Phenolsulphonic acid, cresolsulphonic acid, and their 
sodium or ammonium salts, sodium naphthalenesul- 
phonate and sodium benzene sulphonate, 3 per cent in 
each case, when added to the silver baths, including 
the nitrate, restrained the formation of crystals in the 
same way as tartaric acid, but less effectively. 

The use of unusual salts of silver does not seem to 
offer possibilities of obtaining much better deposits 
than from the nitrate. 

A paper by Dr. F. C. Mathers and A. B. Leible dis- 
cussed “essential oils as addition agents in plating 
baths.” 

Squares of sheet metal were shaken with aqueous solu- 
tion of the oils, and the amount adsorbed determined 


by difference by titrating the residual solutions. The 
metals adsorb oil in decreasing order as follows: Lead, 
antimony, copper, cadmium, zinc, iron, tin, silver. This 


is approximately the order of increasing difficulty of 
preventing rough crystalline deposits by the use of the 
addition agents, and therefore proves in a general way 
the relation between the effect of the oils as addition 
agents and their adsorption by the metals. 

A paper by Dr. Oliver P. Watts and Albert Brann 
of the University of Wisconsin discussed “the evolu- 
tion of hydrogen from cyanide plating solutions.” 

Experiments were made with silver and copper cya- 
nide solutions, with the addition of varying amounts 
of free potassium cyanide, to determine the effect of 
the latter in producing liberation of hydrogen at the 
cathode. The effect is much greater with copper solu- 
tions than with silver solutions. Test experiments show 
that the liberation of hydrogen is direct, and not due to 
action of the free cyanide, but to raising of the single 
potential necessary to deposit the metal until it reaches 
that sufficient to electrolytically set free hydrogen. 


Electric Endosmosis 


In a paper on “electrical endosmose and adsorp- 
tion,” by Drs. T. R. Briggs, H. L. Pierson and H. S. 
Bennett of Cornell University the relations are dis- 
cussed between electrical endosmose and the adsorption 
theory of contact electrification. It is shown that this 
theory provides a rational explanation of the phenom- 
ena. The data accumulated by Perrin are found to be 
confirmed by the authors’ experiments. The effect of 
temperature on the phenomena is studied in detail. 
Finally, the phenomena met in dyeing are discussed 
from the standpoint of the adsorption theory, and found 
to be in accord with the details of the theory. 


Photochemical Cell 


The last paper of the meeting dealt with “a cuprous 
oxide photochemical cell,” the author being Theodore 
W. Case of Auburn, N. Y. 

A large number of electrolytes were found which de- 
posit by immersion upon copper a light-active coating, 
probably due to the formation of a copper oxide or 
halide salt upon the electrode. A copper formate elec- 
trolyte, containing free formic acid, using highly pol- 
ished copper electrodes was studied closely. If one 
plate be illuminated and the other kept dark a current 
is produced, the illuminated plate being anode, and de- 
veloping an E. M. F. up to 0.11 volt. The current 
finally drops to zero; but if the cell is rotated, illumin- 
ing the previously dark plate, the E. M. F. reappears. 
On continued rotation, the E. M. F. reaches a maximum 


value. Below a critical light intensity the cell gives 
very little response. The theory of the reaction is dis- 
cussed. 


After a very hearty vote of thanks to all who made 
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this meeting so successful, the meeting adjourned. The 
autumn meeting will be held from Oct. 3 to 6 in Pitts- 
burgh. 

The following is a complete alphabetical list of those 
who registered at the Detroit meeting: 


G. L. Alber, Detroit, Mich.; W. H. Allen, Detroit, Mich. ; 
Anderson, Cieveland, Ohio; J. C. Armstrong, Detroit, Mich. ; 
Atwood, Thorold, Ont., Canada; W. L. Bauger, Ann Aroor, Mich. ; 
R. O. Ba.ley, Oneida, N. Y.; T. F. Bailey, Alliance, Ohio; A. N 
Barron, Cleveland, Ohio; F. E. Bartell, ann Aibor, Mich.; 8S. L. 


Bear, Pittsburgh, Pa.; M. H. Bennett, Waterbury, Conn. ; E. B 
B.ggar, Torono, Canada; C. E. Boyd, Detroit, Mich.; W. ¢ 
Brooks, Lakewood, Ohio; C. F. Burgess, Madison, Wis.; Prot 


E. D. Campbell, Ann Arbor, Mich.; Miss Maud C. Carabin, Detro.t, 
Mich.: S. C. Carrier, Brooklyn, N. Y.; R. T. Chace; R. M. Cemzer- 
hill, Detroit, Mich.; Mr. and Mrs. N. K Chaney, Cleveland, Ohio; 
G. C. Clark, Detroit, Mich.; A. B. Conner, Detroit, Mich.; A. D. 


Cowperthwait, Vetro.t, Mich.; Harold N. Cox, Woodhaven, N. : 
F. Crabtree, Pittsburgh, Pa.; S. Crocker, Detroit, Mich.; Mr and 
Mrs. E. L. Crosby, Wetro.t, Mich.; T. E. Crossman, New York 
City; R. A. Cuder, Cleveiand, Ohio; C. Dantsizen, Schenectady, 
N r.: J. M. Darke, Lynn, Mass.; A. W. Davison, Cincinnati, 
Ohio; C. N. Dawe, Detroit, Mich.; J. A. Denn.son, Mich.; H. 
DeWitt, Detroit, Mich.; J. L. D.xon, Detroit, Min., UG. H. Doan, 
Detro.t, Mich.; J. V. N. Dorr, New York City; Mr. Dowd, Ann 
Arbor, Mich.; A. C. Downes, Fostoria, Ohio; A. J. Duke, Detroit, 


Mich. ; Mr. and Mrs. W. D. Dygert, Detroit, M.ch.; A. LL. Ferguson, 
Ann Arbor, Mich.; C. G. Fink, East Orange, N. J.; Mr. and Mrs 
F. A. J. FitzGerald, Niagara Falls, N. Y.; R. F. Flinterman, 
Detroit, Mich.; F. C. Frary, Niagara Falls, N. Y.; G. P. F 

Niagura Falis, N. Y.; T. S. Fuller, Schenectady, N. Y.; R 
H. Gaines, New York City; A. E bh.ladelphia, Pa. ; 
Cc B. G.bson, Pittsburgh, Pa.; A McK. Guilford, Pittsfield, 


Mass.; H. W. Gullett, ithaca, N. Y.; G. Gilmartin, Detro.t, 
M.ch.; J B. Glaze, Niagara Falls, N. Y.; 8S. L. Goodale, 
Pittsburgh, Pa.; Mr and Mrs. J H Goodwin, Fremont, 
Ohio; M.ss M. Graham, Detroit, Mich.; J. Guinther, Welland, 
Ont., Canada; H Hammond, Detroit, M.cn.; Carl Hering, 
Philadelphia, Pa A. T. Hinckley, Niagara Falls, N. Y.; Mr. and 
Mrs. C. F. Hirshfeld, Detroit, Mich.; H. J. Hawkins, Detroit, 
Mich.; Mr. and Mrs. H. K. Hitchcock, Pittsburgh, Pa RK. FP. Hom- 


mel, South Bethlehem, Pa.; G. B. Hogaboom, New br:ta‘n, Conn. ; 
Cc. W. Jinnette, Detroit, Mich; J. Kelieher, Welland, Ont., Canada ; 
Mr. and Mrs. H. W. Kellogg, Niagara Falls, N. Y L. H. Knapp, 
Schenectady, N. Y.; B. R. Koering, Detroit, Mich.; J. Kreusi, 
Detroit, Mich.; A. H. Krieger, New York; C. F. Kurtz, Bethiehem, 


Pa.: E. F. Lake, Detroit, Mich.; Mr. and Mrs. H. M. Lane, Datroit, 
Mich.; T. A. Lee, Ch.cago, Ill.; F. A. Lidbury, Niagara Falls, 
N. Y R. B. Lincoln, Detroit, Mich.; C LinGsay, Ottawa, 


k 
Canada; E. R. Little, Detroit, Mich.; W. B. L ttie, Detroit, Mich. ; 


J. M. Lohr, Ithaca, N. Y.; G >. Long, Napoleon, Ohio; H. E 
Lowe, Detroit, Mich.; T. J. MacKavanagh, Ann Arbor, Mich. ; 
A. D. MacLay, Detroit, M:ch.; J. R. MacMillan, Niagara Falls, 
N. Y¥.; R. J. Macy, New York City; C. P. Madsen, Newark, N 

S. R. Manning, Detroit, Mich.; A. L. Marsh, Detroit, Mich.; O. J 
Marsh ck, Detroit, Mich.; F. C. Mathers, Bioomington, ind.; DL. L 
Mathias, Pittsburgh, Pa.; L. R. McCleary, Buffalo, N. Y.; E. A 
McDonell, Detroit, Mich.; A. G. Melcher, Detroit, Mich.; A. A 
Meyer, Detro.t, Mich.;: F. M. Meyers, Montreal, Canada H. D 
Miles, Buffalo, N. Y.; D. R. Miller, Niagara Falls, N. Y.; Mr. and 
Mrs. W. R. Mott, Cleveland, Ohio; Miss Ruth Mott. Cleveland, 
Ohio; J. M. Muir, New York City; J. C. Munn, Chicago, IIL; 
Mrs. D. E. Murray, Detro't, Mich.; F. H. Nickle, Saginaw, Mich. ; 
E. E. Niswonger, Dayton, Ohio; Mr. and Mrs. J. D. Noyes, Detro.t, 
Mich.; J. W. O'Deam, Detroit, Mich.; S. A. Orth, Detroit, Mich. ; 
A. B. Parfet, Detroit, Mich.; Miss F. I. Phipps, Detroit, Mich. ; 
I. L. Pond, Detroit, Mich.; T. P. Purman, Detroit, Mch.; W. P 
Putnam, Dotroit, Mich.; C. F. Quaintance, Golden, Col.; A. G 


Randall, Omaha, Neb.; G. K. Reel, Detroit, Mich.; A. G 
Kenwood, N. Y.; P. O. Reyneau, Detroit, Mich.; J. W. R chards, 
South Bethlehem, Pa.; H. K. Richardson, Waterbury, Conn.; Mr 
and Mrs. E. G. Rippel, Buffalo, N. Y.; Miss Martha Rippel, Buffalo, 
meta Roeber, New York City: C. F. Roth, New York City; 
Cc. J. Rottman, E. Pittsburgh, Pa.; W. E tuder, Schenectady, 
N. Y.; Mr. and Mrs. E. A. Rykenbon, Ann Arbor, Mich.; H. M. 
St. John, Chicago, Ill.; G. K. Saurwein, Detroit, Mich.; E. W. 
Seahoim, Detroit, Mich.; C. G. Schleuderberg, Pittsburgh, Pa. ; 
J. L. Schueler, Peora, Ill: W. 8S. Scott, E. Pittsburgh, Pa.; 
J. A. Seede, Schenectady, N. Y.; E. M. Shepard, Jr., Detroit, M ch. ; 
A. C. Sheperd. Cleveland, Ohio; Acheson Smith, Niagara Falls, 
N. Y.: B. Sm th, Detroit, Mich.; H. H. Smith, Orange, N. J.; J. H 
Smith, Milwaukee, Wis.; M. B. Smith, Detroit, Mich.; C. G 
Snyder, Pittsburgh, Pa.; S. Sowder, Detroit, Mch.; F. N. Speller, 
Pittsburgh, Pa.; R. S. Sperry, Waterbury, Conn.; E. C. Stone, 
Hartford, Conn.; J. Sullivan, Detroit, Mich.; S. Temple, St. Paul, 
Minn.; Allan C. Thayer, Detroit, Mich.; F. J. Tone, Niagara Falls, 
N.Y 


. ¥.; O. F. Tower, Cleveland, Oho; R. Turnbull, Welland, Ont., 
Canada; A. L. Twitchell, Mansfield, Ohio; M. Unger, Pittsfield, 
Mass. ; C. H. Vom Baur, New York City; F. Von Schlegell, Chicago, 
Ill.; L. D. Vorce, New York City; O. P. Watts, Madison, Wis. : 
H. P. Wells, Wyandotte, Mich.; G. Walter, Narragansett Pier, 
R. L; E. P. West, Detroit, Mich.; S. Westberg. Christiania, 
Norway: A. E. Wetmore, Detroit, Mich.; H. E. Wh te, Buffalo, 
N. Y.; R. H. Whits, Niagara Falls, N. Y.; B. L Whiting, New 
York City; B. W ley, Pittsburgh, Pa.; H. H. Willard, Ann Arbor, 


Mich.; R. G. Williams, Worcester, 
agara Falls, N. Y.; C. A. Winder, 
Wipperman, Detro't, Mich. ; 


Mass.; A. M. Williamson, Ni- 
Niagara Falls, N. Y.; T. P 
J. G. Wood, Indianapolis, Ind 


Analysis of Rutile 
By E. W. Hagmaier 


DETERMINATION OF SILICON 


Fuse one-half gram of the finely powdered sample 
of rutile with as small amount of potassium bisulphate 
as possible. The fusion should be started at the low- 
est possible temperature, with the crucible covered, 
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and continued thus for about one hour; after which 
time the crucible or dish should be held in tongs and 
given a swirling motion and the temperature ‘increased 
until complete fusion occurs. When cooling the melt 
turn the crucible slowly about in the tongs in order to 
have the melt solidify in a thin layer about the sides of 
the crucible. By handling the melt in this way it is very 
easy to remove the solidified melt from the crucible 
when it has cooled. 

Transfer the fusion to a 250-c.c. beaker and have 
about 150 c.c. of 10 per cent sulphuric acid present; 
heat, but do not boil, and stir from time to time to 
accelerate solution. Do not heat too high or too long, 
for titanic acid will separate out and necessitate start- 
ing over. 

When solution is complete and no undecomposed 
cre shows, filter, washing with warm 10 per cent 
sulphuric acid. Ignite the paper and precipitate in a 
weighed crucible, when completely ignited weigh and 
then treat the precipitate with sulphuric acid and hy- 
drofluoric acid to volatilize the silicon. Weigh the cru- 
cible and difference is SiO, in the sample. 

Any residue which might be in the crucible after the 
silicon is driven off should be fused with bisulphate and 
added to the main filtrate. 


TITANIC ACID 


To the filtrate which should now contain all the titan- 
ium, iron, etc., in solution add about 10 grams of am- 
monium sulphate and digest warm, not hot, until a few 
drops of ammonium hydroxide added locally gives a 
white precipitate. A slight amount of sulphurous acid 
solution may be added here. Now warm the solution 
to about 90 deg. C. and add ammonium hydroxide with 
continual stirring until showing a precipitate is about 
to form, but not a permanent precipitate. The solution 
may become opalescent but must not show a permanent 
precipitate. 

Now, and not before add 30 c.c. or 40 c.c. of a con- 
centrated solution of ammonium acetate. This addition 
should immediately cause precipitation. Boil vigorously 
for twenty minutes and then allow the precipitate to 
settle, and then filter on a fast running paper, washing 
by decantation with dilute ammonium acetate solution. 
After several washings by decantation transfer the bulk 
of the precipitate to the paper and wash the precipitate 
until a test with barium chloride shows no sulphates. 
When washing is complete, ignite first at a low heat to 
burn off the paper, and then strongly on the blast. 
Weigh, and again ignite to be sure of constant weight. 
When weight is constant add potassium bisulphate to 
the crucible and make a fusion as in the beginning, 
leaching out fusion with sulphuric acid as before. When 
solution is complete add a large excess of tartic acid and 
then add ammonium sulphide, digest until the iron 
sulphide precipitate coagulates, then filter and wash once 
or twice. 

Redissolve the precipitate in dilute sulphuric acid, 
add more tartaric acid and again precipitate the 
iron sulphide, filter and wash several times. Now dis- 
solve the precipitate in hydrochloric acid and oxidize 
with a few drops of nitric acid, when oxidation is com- 
plete precipitate the iron with ammonium hydroxide. 
filter wash, ignite, weigh in the original crucible and 
deduct this weight of precipitate from the previous 
weight to zet TiO. 





OXIDE OF IRON 


The iron is determined on a separate sample and is 
done as just described for iron as an impurity, after 
removing SiO.. 


Buffalo, N. Y. 
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Porcelain * 
By A. V. Bleininger 


Porcelain consists essentially of clay substance in 
the form of kaolin or of a plastic white burning clay, 
and quartz cemented together by means of fused feld- 
spar. Since kaolin and quartz are refractory materials, 
the feldspar functions as an igneous cement and unites 
the particles to form a dense, translucent mass. Vary- 
ing as regards the proportion of these three constitu- 
ents and in certain cases with the introduction of other 
materials, the typical porcelains of the world are pro- 
duced. Since the softening temperature of feldspar 
corresponds to a temperature of about 1250 deg. C. 
(cone 8), it is evident that a high content of this min- 
eral permits the use of lower firing temperatures than 
is possible with smaller amounts. It is obvious, on the 
other hand, that in no case can the firing temperature 
be much lower than the softening temperatures of the 
feldspar. In some products, as in the Danish porce- 
lain, the firing temperature is carried very high, up to 
cone 18, or approximately 1500 deg. C. Again it is 
possible to lower the vitrification temperature of a 
porcelain by the introduction of accessory constituents, 
as in the English bone china, where calcium phosphate 
is used, or in the old French fritt porcelain in which 
a type of glass was employed to bring about vitrifica- 
tion. Small amounts of whiting, calcium carbonate, 
make up a part of many porcelains. This is explained 
by the fact that a mixture of about 96.5 per cent potash 
feldspar and 3.5 per cent calcium carbonate form a 
eutectic combination. With reference to the glaze still 
other differences may occur. Thus the hard fired porce- 
lain of Continental Europe is first burned to a low 
temperature, about 980 deg. C., then glazed and refired 
to the maturing temperature of the body. The English 
bone china and a great deal of the American porcelain 
is burned first to the vitrification temperature of the 
mass, then glazed and refired to a comparatively low 
temperature, about 1050 deg. C. for the English china 
and 1180 deg. C. for the American table ware. The 
glazes which are used for this purpose are softer than 
the feldspar glazes of the so-called hard porcelain and 
consist of boro-silicates of potash, lead and lime. 
Within recent times there has been a distinct tendency 
on the part of the American manufacturers to raise the 
fusion temperature and with it the hardness of the 
glaze, so that it is not uncommon to find a porcelain 
fired to cone 10-11, and refired in the glaze burn to 
cone 8. In some cases also single fired porcelain is 
being produced in this country in which both body and 
glaze mature together at or just above cone 10 (about 
1330 deg. C.). 

The following types of porcelain may be distin- 
guished: 

1. American type porcelain. 

2. Hard fire porcelain, Austria, Denmark, France, 
Germany, Japan and Sweden. 

3. Soft porcelain, early French, Japanese and Seger 
porcelain. 

4. Bone china. 

5. Parian porcelain. 

6. Refractory and special porcelains. 


1. AMERICAN TYPE PORCELAIN 


Although we cannot speak of a single type of do- 
mestic porcelain, the fact remains that the first firing 
of the body to its maturing temperature and its second 


*A paper presented at the Feb. 9, 1917, meeting of the New York 
Section of the American Electrochemical Society in joint session 
with the New York Sections of the American Chemical Society 
ind the Society of Chemical Industry. Published by permission of 
he Director, Bureau of Standards. 
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burning to a lower glazing temperature sets it aside 
from the European hard fire porcelain. However, dif- 
ferent compositions are used for different purposes. 
Thus, the American table and sanitary ware body dif- 
fers to some extent from that used in the manufacture 
of electrical porcelain and again from the porcelain 
produced in making white, vitreous floor tile. The lat- 
ter corresponds more closely to the Parian porcelain: 
For the sake of illustration, the composition of the first 
two kinds of porcelains are given: 


(a) Table 
Ware, 
Per Cent 

-- 43 


(b) Electrical 
Porcelain, 
Per Cent 

50 

. 20 30 


Kaolin and ball clay. 
: (cbseamece Cup ee 20 


Feldspar : : , 


The lower temperature of biscuit firing necessarily 
produces a structure quite different from that obtained 
in porcelain burned to higher temperatures, as will be 
shown later. An American boro-silicate glaze cannot 
be compounded from the raw constituents owing to the 
solubility of the boric acid or its sodium salt and it is 
necessary to fuse this ingredient with part of the feld- 
spar, flint, kaolin and whiting to form an insoluble 
glass. This is called fritt. 

The composition of such a glaze maturing at about 
cone 3 will be as follows: 


Fritt Glaze 

Parts by Parts 

WO SNEED AGbde6 kobe n6e0 beans 195.4 
Feldspar 17.3 Feldspar ; 23.4 
Borax : ; 104.2 White lead 65.4 
DP <ctbiebdeneuoes 69 6 Dn screneceecneeeeeddee 12.4 
NE ia i og a dekh eek ood 619 ener 39.9 
END détecswe 112.9 





The desirable features of this type of glaze are the 
brilliant surface and its long heat range, making it 
possible to obtain bright glazes throughout the range 
of the commercial kilns. 

For technical work, especially for once-fired ware 
carried to about cone 10 or higher, a hard porcelain 
glaze of the type: 


Parts Parts 
Feldspar ..... 8 RS 0 Re er ee 54.0 
oe wea earee Se SE aie odewes beea08 oo- ae 


Whiting 





is quite suitable, especially as it may be softened some- 
what by the partial replacement of the whiting by zinc 
oxide and other bases. In the case of brown colored 
glazes used on insulators, ferric oxide is very active in 
lowering the fusion temperature of the glaze. 


2. HARD FIRE PORCELAIN 


As has already been stated, this type of porcelain is 
first fired to a low temperature, about 980 deg. C., and 
when glazed fired to temperatures between 1380 deg. and 
1500 deg. C. A composition of this kind would be 
represented by the following mixture: 





Per Cent 
Kaolin and plastic white clay..............56.+- 54 
| PRS PSS errrrrrrr rr rr irre tt 20 
Sn CED. occ oe heee deere donwemescnncenses 24.5 
WEEE. b50 06665000 005608 Te tV EC ECrUD ON ETOCS S 1.5 





As a rule the content of clay substance is higher in 
these porcelains than in the American product. It is 
also necessary to employ in place of the so-called ball 
clays which are used in American and English bodies 
somewhat more refractory materials. This is neces- 
sary, owing to the high firing temperatures at which 
the dense burning ball clays would tend to “overburn,” 
i.e., to show a tendency toward a vesicular or spongy 
structure. This point has been overlooked in several 
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instances in this country where it was attempted to 
produce hard fire porcelain and yet retain the use of 
the usual ball clays. It is evident that in the manu- 
facture of such porcelain in this country more exten- 
sive use must be made of our plastic kaolins from 
Georgia and Florida. The European hard porcelains 
usually contain a small amount of biscuit body as a 
non-plastic. 

The glazes of the high fire porcelains, maturing at 
the high temperatures in question, are exceedingly hard. 
They are not in the nature of the case as brilliant as 
our plumbiferous boro-silicate glazes and their color 
tends more toward a bluish white. This must be 
ascribed in part to the effect of the reducing conditions 
which are caused to prevail in the kilns. The firing 
is so conducted that reduction is most intense at the 
lower temperatures and is gradually diminished as the 
heat approaches the maturing point of the glaze. Hard 
fire glazes of this type correspond to the following mix- 
tures, glaze “B” being of a more refractory character 
and requiring about cone 15 for complete fusion: 





A B 
Parts Parts 
Feldspar 166.8 Feldspar 166.8 
Whiting 70.0 Whiting . 55.0 
Kaolin it, Po. i civccaustweaeuen’ 77.4 
Flint .168.0 Magnesit« - 12.6 
Flint . 276.0 


Chemical porcelain does not differ essentially from 
the average type of hard porcelain, as may be seen from 
the following analyses of German chemical ware: 


Royal Thuring- German 

Berlin Royal ian Chemical 

Chemical Berlin Chemical Porcelain, 

Porcelain, Porcelain, Porcelain, No Mark, 

Per Cent PerCent PerCent Per Cent 
Silica . 68.27 67.91 57.31 73.44 
lumina ; 26.63 26.89 25.83 21.77 
Ferric oxide : 89 78 1.11 .73 
Titanium oxide . 26 44 .32 19 
Lime : : 69 44 1.20 19 
Magnesia .. 86 41 47 .08 
Soda 39 46 71 38 
Potash : 1.92 2.78 2.51 3.61 
Loss on ignition ; .06 15 80 05 


Montgomery in his work on chemical porcelain, on the 
other hand, reports that the best results are obtained 
with compositions of high clay content. 


3. SOFT PORCELAIN 


The typical Japanese and the early French fritt por- 
celains are examples of this type of body. The former 
consists of 40 per cent clay substance, 36 per cent feld- 
spar and 24 per cent quartz. Usually the feldspar is 
entirely introduced as pegmatite with its accompanying 
share of quartz. Of late the Japanese are producing 
porcelain approaching closely the European hard porce- 
lain. The French fritt porcelain, in which a glass or 
fritt is used as the fluxing constituent, is no longer 
being produced and is only of historic interest. The 
present French porcelain products approach very closely 
the average hard fire porcelains of Europe. A deco- 
rative soft porcelain developed in Germany is the so- 
called Seger porcelain consisting of 25 per cent clay 
substance, 45 per cent quartz and 30 per cent feldspar. 
It is biscuit fired at cone 010, and matures with the 
glaze at cone 8-10. The glaze consists of 166.8 parts 
feldspar, 70 whiting, 51.6 kaolin and 108 flint. It is 
used only for art ware. 


4. BONE CHINA 


Bone china is the typical vitreous product of England, 
characterized by its beautiful texture and adaptability 
to rich decoration. It is composed of 40-50 per cent of 


bone ash (calcined bone), 20-30 per cent Cornish stone 
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and 25-30 per cent of clay substance. The biscuit burn 
is carried to cone 8-10, while the glaze is fused on at 
quite a low temperature, about 1050 deg. C. The ware 
requires considerable skill in the several stages of 
manufacture, and hence makes necessary a staff of well- 
trained workmen. 


5. PARIAN PORCELAIN 


This body is intended principally for the production 
of unglazed statuary and figures, and in the United 
States it is employed in the manufacture of impervious 
white floor tiles. It is composed of 50 per cent of 
feldspar, 40 per cent clay substance and 10 per cent 
ground quartz. Its burning temperature is carried to 
cones 8-9. In appearance it has an agreeable matt 
texture without the glassy sheen of the usual porcelain 
body. 

6. REFRACTORY AND SPECIAL PORCELAINS 


The best known type of refractory porcelain is the 
Marquardt body, in which sufficient alumina is added 
to the kaolin to approach the composition of sillimanite. 
The minimum amount of feldspar possible is employed 
to bring about a sufficient degree of vitrification. Bodies 
of this type are used in the manufacture of pyrometer 
tubes and similar articles. The manufacture of the 
Marquardt porcelain was introduced in the United 
States by the Bureau cf Standards. The tubes are 
made by pressing them through dies or by the casting 
process. 

As in the manufacture of European hard fire porce- 
lain, the biscuit firing is carried only to a low temper- 
ature and the glaze is applied on the porous body. The 
glost fire is carried to cone 16-18. The body of the 
American Marquardt porcelain is composed of the fol- 
lowing materials: 


Body Calcine Calcine 
Mixture, No. 1, No. 2, 
Per Cent PerCent Per Cent 
Calcine No. 1 oes . 45.7 : 
Calcine No. 2 . wt 7.3 
North Carolina kKaolin...... 17.0 22 
Florida kaol'r , 5.0 
i 2 iin ~cedeean & ees oul 10.0 
Ball clay ... 15.0 
Feldspar Stocadensubeeee : s 64 
Calcined alumina .........-. 70 36 


The calcined mixtures should be brought to a temper- 
ature corresponding to that of cone 18, approximately. 

The glaze may be either matt or bright. The former 
is somewhat more desirable, since it does not “stick” 
as easily as the latter, which is more of a glassy nature. 
The two glazes are made up of the following constitu- 
ents: 


Matt Glaze, 


Bright Glaze, 


Parts by Weight Parts 
ee canara he ade 6 119 
Py BE s vecctcanveeetecowvees 192 100 
.. Perna ee ree 100 65 
I, te ies ante . 83.7 
2. cot pe nen ne 2 hoes Seeeeehedess 16.8 
GGG GUATER CEE) oc ccccccceccencess 108 426.0 


The field of special porcelains is a most interesting one 
and promises the production of types possessing cer- 
tain specific properties which may be useful with refer- 
ence to special uses such as spark plugs, electrical 
porcelain used under abnormal conditions, etc. Thus, 
we have to consider the complete or partial replacement 
of feldspar by calcium and magnesium silicates, and of 
quartz by the use of such constituents as fused alumina, 
zirconium oxide, titanium oxide and other constituents. 


Effect of Firing Porcelain 


In the molding and shaping of porcelain in nearly 
every case a certain characteristic structure is devel- 
oped which is retained to a greater or less extent in 
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the finished ware. Thus in shaping an electrical in- 
sulator on the wheel the density of the body close to 
the surface is greater than that within the piece due 
to the fact that the pressure of the tool is not uniformly 
distributed throughout the mass. Similarly, when 
forced through a die, lamination is produced owing to 
the greater velocity of flow in the interior than at the 
exterior of the column. The rate of flow of the water 
from the interior to the surface and its rate of evap- 
oration is likewise of some importance, inasmuch as 
strains may be developed either by too rapid or unequal 
drying. It is essential that the porcelain be thoroughly 
dried before being placed in the kiln. A small amount 
of hygroscopic water still remains to be driven off. At 
500 deg. C. and above the chemical water of the kaolin 
is driven off, a change indicated also by the expansion 
of the porcelain. After the dehydration stage the body 
reaches its most porous condition. This is followed at 
about 900 deg. C. by an exthermic reaction accom- 
panied by condensation of the structure. The exact 
nature of this change first observed by Le Chatelier is 
not known. By some it has been attributed to polymer- 
‘ation, by others to the formation of sillimanite. This 
tage is followed by increasing condensation to be 
ascribed in part to colloidal contraction and later to an 
nereasing extent to the softening of the feldspar and 
ther fluxes. The effect of the feldspar is observed 
ven at temperatures as low as 1150 deg. C. In fact, 
t has been found that extremely fine ground feldspar 
lay cause the porcelain to become dense at 1170 deg. C. 
In this case the amount of feldspar present must be 
uite large. The vitrifying effect of feldspar approaches 
ts maximum as its softening temperature is exceeded. 
At the same time the density of the feldspar is lowered 
and with it that of the body, so that the temperature- 
pecific gravity relation is a fair index of the progress 


5 © 7 8 


~DIAGRAM SHOWING EFFECT OF DIFFERENT PERCENTAGES OF FELDSPAR ON VITRIFICATION OF PORCELAIN 
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of vitrification. This process may be considered as 
being due to the effect of surface tension which, owing 
to the decreased viscosity of the mass, is capable of 
contracting it, thus filling the pore space and tending 
to produce rounded outlines, comparable to the forma- 
tion of a drop of water. 

The effect of increasing amounts of feldspar upon 
the vitrification process measured by the drop in poros- 
ity is shown in the diagram of Fig. 1. It will be 
observed from this data that with 40 per cent of feld- 
spar complete vitrification is reached at cone 7, a point 
which is displaced toward higher temperatures as the 
feldspar is diminished and the quartz (flint) is in- 
creased. With 15 per cent feldspar and 25 per cent 
quartz, vitrification is not reached before cone 13. Using 
a pure kaolin as clay substance, as in this case, 10 per 
cent of feldspar did not suffice to bring about a vitrified 
structure at the temperature corresponding to cone 13. 

Diagrams showing the relation between the porosity, 
contraction (expressed in per cent of the original voi- 
ume) and temperature are exceedingly useful in the 
study of the proper vitrification temperature and the 
point of overfiring which results in the formation of a 
vesicular, spongy structure. At the same time, the 
general slope of the curve is indicative of the rate of 
vitrification. Such a diagram representing a typical 
hard porcelain is shown in Fig. 2. It will be noted that 
complete vitrification as measured by the non-absorp- 
tion of water by the body (in vacuum) has taken place 
at 1313 deg. C., and that overfiring occurs at about 1430 
deg. C. The curve showing the volume changes is espe- 
cially valuable in readily detecting important changes. 
Data such as these should be determined for every por- 
celain body, since they might prevent serious manu- 
facturing losses. The porosities of such a series of 
specimens of a porcelain are readily determined upon 









METALLURGICAL AND CHEMICAL ENGINEERING 


VoL. XVI, No. 



































































































































++ 
++ 


+ 
















































































































































































+e 

















tt 

















tee 
$4te 











14444444444-44444 
+ re 








PERCENT APPARENT POROSITY 

















St Hitt 
iowees hud 


3 









































TEMPERATURE IN DEGREES 
POROSITY AND VOLUME CHANGES WHEN FIRED TO 


FIG. 2—DIAGRAM SHOWING 
pieces drawn from the kiln at the different tempera- 
tures. The same pieces may be used also for measuring 
the volume changes by means of a voluminometer. 

The function of the quartz in porcelain is first that 
of a non-plastic, reducing the drying shrinkage and 
preventing warping. In the firing process it forms the 
skeleton of the body, increasing its rigidity and pre- 
venting deformation. As the fusion of the feldspar 
progresses, solution of the quartz takes place, the finest 
particles being, of course, dissolved first. This solution 
is first noticeable at about 1325 deg. C. Porcelains 
which are not fired to temperatures above 1350 deg. C. 
hence show but little solution. This is illustrated in 
the microphotograph of Fig. 3, representing a section 
of American porcelain in which it is observed that all 
of the quartz grains retain their sharp edges with no 
appreciable evidence of solution. At about 1375 deg. C. 
solution of the quartz becomes quite marked and a 
1425 deg. and above practically no quartz grains remain. 
It is interesting to note that no evidence of the trans- 
formation of quartz to cristobalite or tridymite is ob- 
served. It is suggested by Klein that the solution of 
the quartz by the feldspar proceeds faster than its 
transformation to the other crystalline forms.* 

In heating the porcelain during the first stage of the 
firing the transformation of alpha to beta quartz takes 
place at 575 deg. C. and on cooling the reverse change 
occurs. This transformation has been held responsible 
for stresses set up in the porcelain and for the phe- 
nomenon of “dunting,” the property of heavy porcelain 
pieces of fracturing, occasionally with explosive vio- 
lence, after taking them from the kiln. It has been 
thought that the use of ground quartz is more apt to 
cause dunting than amorphous silica, which would be 
introduced in using French flint. On the other hand, 


*Technologic paper No. 80, Bureau of Standards. 
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CENTIGRAOE. 
DIFFERENT TEMPERATURES 


the use of very fine ground quartz, though in a smaller 
proportion than commonly employed, has been advocated 
us a solution of the difficulty. Previously calcined quartz 
also is said to give better results than the raw ground 
material. 

The clay substance of the porcelain when the higher 
temperatures are reached gives distinct evidence of 
dissociation resulting in sillimanite and free silica. 
At first the former is present in the amorphous state, 
but later there is distinct evidence of crystalline silli- 
manite and its needles may constitute a large provor- 
tion of the porcelain mass. In the microphotograph of 
Fig. 4, a section of Japanese porcelain is shown in which 
this crystallization is very evident. At the same time, 
it is interesting to note the evidence of quartz solution. 
The smallest grains have already become part of the 
glassy matrix, while the larger grains have become 
rounded. Evidence of the dissociation of kaolin is 
observed at about 1225 deg. C., at 1300 deg. it is prac- 
tically complete and a small amount of crystalline silli 
manite appears. At 1400 deg. the clay substance is 
completely dissociated to form crystalline sillimanite 
Hard porcelain, therefore, consists of glassy materia 
to which it owes its translucency, crvstalline sillimanit: 
and some undissolved quartz. At 1425 deg. C. compar? 
tively little quartz remains as such. 

In the American type of porcelain, on the other hana 
very little sillimanite appears, the quartz is dissolve 
only to a slight extent and for this reason the amour 
of glass formed is very much less than in the high fire: 
porcelain. 


Defects of Porcelain 


Faults occurring in porcelain may consist in the s 
called crazing and shivering, dunting, insufficient unio: 
of body and glaze, warping, vesicular structure, dul! 
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FIG. 3—MICRO-SECTION OF AN AMERICAN PORCELAIN 


(BY KLEIN ) 





ness and roughness of glazed surface, and poor color. 
Crazing is caused by the greater coefficient of thermal 
expansion of the glaze, and at the same time by an 
imperfect union between it and the body. Shivering 
has been assumed to be due to the reverse cause, but 
the difficulty seems to be accentuated by other causes 
as well, such as too high a content of quartz, or quartz 
ground too coarsely. Dunting seems to be intimately 
connected with the volume changes of the quartz, though 
it is quite possible that other factors may be involved 
as well. Even under the best possible conditions the 
surface of the porcelain is certain to be under con- 
siderable stress. Rupture under abnormal conditions 
such as extremely rapid heating and cooling is avoided 
only where there is a well-defined region of interacticn 
of body and glaze, shown by the growth of sillimanite 
crystals with the glaze, a condition illustrated in the 
microphotograph of Fig. 5. Such a complete union is 
especially necessary for chemical porcelain and many 
failures of this kind of ware can be traced to the ab- 
sence of this intimate surface interaction. The remedy 
in a case like this is invariably firing to a higher tem- 
perature and such changes in the composition of the 
body which will enable it to stand up under the higher 
heat intensity. 

Warping may be due to either defective support of 
the ware in firing or to faulty composition which brings 
about a state of too low viscosity at the temperature 
employed. The content of feldspar and other fluxes 
such as lime must be kept as low as possible, and should 
just suffice to bring about vitrification. Considerable 
skill is required in designing shapes least subject to 
deformation in firing and also in the use of proper 
supports, rings, etc. The formation of a vesicular struc- 
ture may be induced by firing to an excessively high 
temperature, by firing too long or by faulty composition 
of the body. Sometimes ball clays or other plastic clays 
are used which cannot be carried to porcelain kiln tem- 
peratures. Such cases have been observed occasionally 
and could be traced to the use of plastic ball clays which 
co inot produce a sound body under the kiln conditions 
pr vailing in the firing of hard porcelain. Dullness of 
th glaze surface and the appearance of bare spots may 
be due to a variety of conditions. Faulty application 
of ‘he glaze, its absorption by the body when the firing 
is -ontinued too long or is carried too high, the effect 
of sulphur gases in the kiln, a too heavily reducing kiln 
at) osphere, the presence of sulphates in the body, and 
other factors may be responsible for the difficulty. A 
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FIG. 4—MICRO-SECTION (BY KLEIN) SHOWING STRUCTURE 


OF JAPANESE PORCELAIN 


color bordering on cream may be ascribed to a high 
iron content in the body or improper firing, usually in 
the failure to maintain reducing kiln conditions during 
the early part of the burning. Very slow cooling may 
also be responsible for it. The practice of producing 
the bluish white color of hard fire porcelain by this 
method of firing cannot be employed in the case of por- 
celains covered with a glaze containing lead oxide for 
obvious reasons. It is for this reason that our vitreous 
table ware has a creamish cast. A very fine white 
European porcelain was found to contain 0.34 per cent 
Fe.O, and 0.1 per cent TiO.,. 


Physical Properties of Porcelain 
SPECIFIC GRAVITY 

The specific gravity of the average porcelain may 
vary from 2.24 to 2.35. It decreases as complete vitri- 
fication is reached and shows a further decrease as this 
point is exceeded and the state of viscous fusion is 
approached. 

MECHANICAL STRENGTH 


The compressive strength of porcelain varies from 
50,000 to 65,000 Ib. per square inch. The tensile 
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FIG. 5—MICRO-SECTION SHOWING JUNCTION OF BODY AND 
GLAZE, WITH SILLIMANITE CRYSTALS GROWING 
INTO GLAZED GERMAN PORCELAIN 














594 


strength is given as being about 13,000 lb. per square 
inch, and the modulus of elasticity as about 7,000,000, 


THERMAL PROPERTIES 


The coefficient of expansion varies for different por- 
celains and with temperature. For atmospheric tem- 
peratures it fluctuates between 0.0000025 and 0.0000045. 
The mean coefficient of expansion of Berlin porcelain 
has been found to be 0.00000343 between 23 and 200 
deg. C., and 0.00000356 between 23 and 700 deg. C. 
Porcelain fired at higher temperatures possesses a lower 
expansion value than a lower fired product. Purdy and 
Potts found low temperature porcelain to show the 
lowest coefficient of expansion when the quartz-feldspar 
contents approached the ratio 1:1. The mean specific 
heat of porcelain was found to be 0.202 between 20 and 
200 deg. and 0.221 between 20 and 400 deg. C. 

The thermal conductivity likewise increases with 
temperature and up to 100 deg. C. it is approximately 
0.0045 (calories per second per cubic centimeter and for 
1 deg. C. temperature difference). Taking the con- 
ductivity of silver to be 100, that of porcelain would be 
approximately 0.04. Resistance to sudden heating and 
cooling is essential in the case of such ware as chemical 
porcelain. This quality is usually estimated in an arhbi- 
trary manner by heating the specimen to red heat or 
any convenient temperature and cooling it rapidly either 
in a current of cold air or by quenching in water. It 
would be a more systematic procedure to heat the pieces 
to a definite temperature in a suitable oven and to 
quench them suddenly in water, noting the number oc: 
treatments they can withstand. A temperature of 200 
deg. C. would be suitable for this purpose, since it 
seems to be a sort of critical point. Another procedure 
would be to heat the specimen to a series of tempera- 
tures beginning with 150 deg. C., quenching them, and 
if failure has not taken place to raise the temperature 
10 deg. and to repeat the procedure until a temperature 
is reached at which checking or cracking occurs. The 
maximum temperature thus reached would be indicative 
of the quality of the material. It is obvious that in all 
such tests the size and shape are important factors 
which render the determinations often of doubtful 
value. It is necessary that the specimens be of simple 

shape as plain crucibles and of the same size. 


ELECTRICAL PROPERTIES 


The electrical conductivity of porcelain is very low 
at atmospheric temperatures, showing a maximum re- 
sistance of 200 x 10” megohms per centimeter. With 
increasing temperature the resistance decreases rapidly 
and, according to Haber, the porcelain becomes an elec- 
trolyte below 900 deg. C. At 727 deg. C. Berlin porce- 
lain was found to show a resistance of 1.7 x 10° ohms 
per square centimeter, per centimeter. The following 
relation has been suggested: 


log R a 


b 
, where 


R resistance, 7 absolute temperature, a and b 
constants. The dielectric constant for Hermersdorf por- 
celain was found to vary between 4.5 and 5.3. Plates 
of the same porcelain possessed a dielectric strength of 
50,000 volts for a thickness of 5 mm. and 90,000 volts 
for 10 mm. This resistance drops rapidly with the 
temperature. Henderson and Weimer found that at 
275 deg. C. the dielectric strength dropped to about one- 
thirtieth of the initial value. 


MISCELLANEOUS PROPERTIES 


The velocity of sound through good porcelain has 
Inferior 


been found to be about 5000 m. per second. 
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porcelain shows lower values. Since the pitch of the 
tone heard when porcelain is struck is a function of the 
sound velocity, a criterion is thus offered for estimating 
its quality. 

Glazed hard fire porcelain is impermeable to gases up 
to about 1300 deg. C. Porcelain is more resistant to 
chemical agencies than glass, and even alkaline solu- 
tions attack the glaze but slightly. It is entirely re- 
sistant to acids. It is, of course, attacked quite rapidly 
by fusing alkalies and by phosphoric acid. At higher 
temperatures it permits also the slow penetration of 
metallic oxides, carbon, etc. 

Bureau of Standards, 

Pittsburgh, Pa 


The Equilibrium of the Basic Bismuth Salts 


A New Method of Determining the Concentration 
of the Hydroxyl Ion 


By A. Mutscheller 


The precipitation of a basic bismuth salt by an excess 
of water is a classic experiment on hydrolysis. The 
decomposition of bismuth chloride, bromide or nitrate 
by water is simple when compared with the hydrolytic 
decomposition of antimonium chloride. While the latter 
forms, according to concentration, different products, it 
was found by Herz and Bulla,’ and it was later con- 
firmed by René Dubrisay, that the halogen salts of bis- 
muth form, at ordinary temperature, only basic salts of 
the type BiOCl] or BiOBr. 

These investigators have hydrolyzed bismuth chloride 
and bromide at various concentrations and have invari- 
ably found that the sediment had the composition BiOC! 
or BiOBr respectively. They concluded, therefore, that 
the hydrolytic process is represented by the formula, 

BiX, + H,O = BiOX + 2HX. 

The same investigators also performed a series of 
experiments for the purpose of determining the nature 
of the equilibrium of the basic bismuth salts. Since 
the reaction, for instance, for the chloride is BiCl 
H,O BiOC] + 2HCI, the equilibrium of the same is, 
according to the law of mass action, fixed by 

[BiCl,] [H,O} 

[BiOCl]} [HCl)’ 
but since BiOCl is present in the solid phase and HO 
BiCL | 
(HCI)? 

When they hydrolyzed 1 gr. of bismuth chloride in 
various volumes of water or in solutions of hydrochloric 
acid of different strengths they found that the ratios 
between the concentrations of the bismuth and the 
square of the concentration of the hydrogen ion found 
in the equilibrium mixture gave, for the BiCl, at 25 
deg. C., the constant 0.025. For the bromide the 
found it to be 0.051. 

The reports of the above investigators, therefore, in 
dicate that if we add water to a solution containing the 
normal Bi*** ion, a precipitate is formed consisting of 
the basic bismuth salt of the type BiOX. There is als 
an equilibrium maintained between the concentration: 
of the bismuth and the hydrogen ion in the solution 
that gives an equilibrium constant according to the law 
of mass action. 

Reports of several chemical analyses on the percen' 
age composition of the precipitate, however, reveal it ‘ 
be a mixture of the monovalent hydrate and its anh: 
drid (Bi(OH),X and BiOX) in proportions dependin: 
on the temperature of dehydration or drying of the 


is in excess, the expression reduces itself to 


‘Zeit. J. Anorgan. Chemie, vol. 61, p. 387 (1909); Comptes R« 


dus, vol. 40, p. 830 (1909). 
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precipitate before the analysis. It is reported that the 
water-free product was only obtained by heating to 
110 deg. C. and cooling over concentrated sulphuric acid 
to constant weight. If we, on this evidence, assume 
that the precipitate criginally had the composition cor- 
responding to the complex monovalent bismuth hy- 
droxide ion Bi(OH),”, there is analytical proof that this 
state of hydration is unstable and that water is readily 
given off from it. This peculiarity, therefore, charac- 
terizes the tendency of the trivalent Bi*** ion to pass 
over into the form of the hydroxyl or oxygen-containing 
monovalent Bi(OH).* or BiO’ cation, which form is 
clearly shown with the oxalates, chromates or organic 
acid compounds of bismuth. 

We find in the literature and in general textbooks 
the statement that bismuth hydroxide is insoluble in 
alkalies. However, it was shown by L. Moser’ that 
bismuth hydroxide shows solubility with stronger (over 
normal) solutions of the caustic alkalies. 

Furthermore, it is a well-known fact that many salts 
depress the hydrolytic decomposition of bismuth chlo- 
ride. Herz and Bulla,’ through carefully conducted ex- 
periments, showed that the chlorides of sodium, potas- 
sium and ammonium, or any of the remaining alkali 
chlorides, influence the hydrolysis of bismuth chloride 
in the same direction and to the same extent. They 
found that the concentration of the bismuth ion becomes 
greater in proportion with the increase of concentration 
of the chloride ion. Their results further show that the 
presence of nitrates or sulphates hardly influences the 
hydrolysis of the bismuth chloride. 

L. Moser’ describes two modifications of bismuth 
hydroxide which correspond to the formule Bi(OH) 
and BiOOH. The second forms from the first under the 
influence of light or heat and, at lower temperatures, in 
the presence of strong alkalies. He arrives at the conclu- 
sion that even freshly prepared Bi(OH), is insoluble 
in solutions of caustic alkalies up to normal strength, 
but that the presence of caustic alkalies in higher con- 
centrations produces the transition of the normal 
hvdroxide into the orthohydroxide BiOOH. 

The solubility of bismuth hydroxide in stronger 
caustic alkali solutions seems, therefore, to consist in 
the passing, perhaps irreversibly, of the fresh normal 
Bi(OH). into the second modification; but as the previ- 
ously dried salts do not seem to show this solubility it 
appears as if the equilibrium is approached from the 
other side with very slow velocity. 

These observations are, therefore, unmistakable in- 
dications that the basic bismuth chloride maintains 
constant equilibrium ratios between the bismuth and 
the hydrogen ion concentration either in the presence 
of chlorides or of the hydroxide alkalies, according to 
the law of mass action. 


PRELIMINARY CONSIDERATIONS 


The topic of this investigation forms part of a prob- 
m now under investigation, and has for its object the 
tudy of the relationship which exists when the basic 
ismuth salts are in contact with certain acids or the 
wustice alkalies. The results which are herein pre- 
‘nted are sufficient for the purpose, but to make this 
vestigation a complete and exhaustive study on the 
equilibrium it is necessary to go further and determine 
e solubility or solubility product of the basic salts 
ther in presence of an acid or one of the caustic 
uikalies. The electrolytic solution pressure of bismuth 
ould also be determined. The method adopted is the 
ie which suggests itself from the observations men- 


Zeit. f. Anorgan. Chem/‘e, vol. 61, p. 379 (1909). 
Loc. cit. 
‘Loe, cit. 
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tion in the introduction, namely, to determine by poten- 
tial difference measurement the relation between the 
potential difference and the concentration of the bis- 
muth ion in contact with metallic bismuth. 

Arranging the various substances so as to conform 
to the type of a concentration chain gives the following 
system: 
Bi(OH).Cl 

Cl/n 
The potential difference of this chain evidently depends 
on the bismuth ion concentration which results from 
the dissociation of the dissolved part of the basic salt 
which is in equilibrium with the other ions present, 
for the right-hand half electrode is evidently an elec- 
trode of the second kind or a reversible electrode. 

The potential difference of this chain consists of the 
differences : 

(a) At the contact of mercury with the solution; 

(b) At the contact of the two solutions, and 

(c) At the contact of bismuth with the solution. 

Leaving out of consideration the potential at the con- 
tact of the two solutions, the potential difference be- 
tween the two electrodes is, according to Nernst, repre- 
sented by the formula: 

E E —E, 0.05771 los I 


. nN, 


Calomel electrode 10/n - - - - - - - 


volts at 18 deg. C. 


E, is the potential of the 1 10 normal calomel electrode, 
P is the electrolytic solution tension of bismuth, p is 
the osmotic pressure of the bismuth ions in the solution, 
and m-, so long as monovalent ions are in questions, is 
equal to 1. 

EXPERIMENTAL PART 


Materials.—Solid bars of metallic bismuth which 
were purchased as “c. p.” were carefully cleaned with 
sand paper and suspended in a solution of dilute nitric 
acid. This treatment gave them a slightly roughened 
surface with a uniform homogeneous appearance. The 
first few series of experiments were made with these 
electrodes, but it was later found that if dipped after 
this treatment into strong nitric acid and immediately 
afterward into water, they became coated with a de- 
posit of the basic salt. After careful washing they 
showed then greater consistency and came to an equi- 
librium in a shorter time. 

The basic salts were prepared by dissolving the basic 
carbonate (bismuth subcarbonate) in a just sufficient 
amount of either strong nitric or hydrochloric acid. 
When the solution was clear, it was heated to drive off 
carbon dioxide, and was then poured into a large volume 
of cold distilled water. The precipitate was then washed 
for twenty-four hours. After that time no appreciable 
acidity or alkalinity could be detected when the wash- 
ings were tested with litmus or phenolphthalein. 

The standard Weston cell and the 10/n calomel elec- 
trode employed for the above measurements had beer 
used successfully in other work. The bridge wire used 
for the estimation of the potential difference was a 
Kohlrausch bridge wire made by Leeds and Northrup 
The standard acids and alkalies were carefully prepared 
and standardized. The temperature was kept constant 
in a thermostat and was maintained in the neighbor- 
hood of 18 deg. C. 

Mizxtures.—The solutions which were successively 
brought in contact with the metallic bismuth were pre- 
pared by first washing the precipitated basic salt with 
water, as indicated, for twenty-four hours. The water 
was then decanted and the precipitate covered with 
standard acid or alkali solution. After stirring and a 
short time of standing, the solution was renewed four 
or five times. Testing the potential after each washing 











METALLURGICAL 


596 





showed that it remained absolutely constant after the 
second or third washing. The electrode was then in- 
troduced, the connections were made with the calomef 
electrode, and the difference of potential was measured. 


RESULTS 


The various concentrations of acids or alkalies that 
were kept in contact with the various basic salts of bis- 
muth, and the potential differences observed under these 
conditions, are given in the first two columns of Tables 


TABLE 1 
Bi(OH),Cl NaOH series 
NaOH Added 
Moles Log 6 + 3 Log [H) = 
No per Liter Volts Log 3 Loge Const 

2 0.000 0.486 8.42 0.0000 1.58 

3 0.001 ] 0.451 8.14 1.32-10 1.68 

4 0.002 0.358 6.20 2.22-10 1.58 

4 0.0051 0.299 5.18 3.12-10 1.70 

6 0.012 0.224 3.89 4.32-10 1.79 

7 0.10 + 0.070 1.21 7.00-10 1.79 

8 1.00 + 0.0907 1.57 0.00 1.57 

11 0.050 + 0.134 2.32 6.09-10 1.59 
Table showing the relation between the concentrations of the 

NaOH added and the potential differences observed 

TABLE 2 
Bi(OH),Cl + HCl series 
NaOH Added 
Moles Log ¢ + 3 Log [H] = 
No per Liter Volts Log @ 3 Log « Const 

l 0.001275 + 0.515 8.93 7.10-—10 6.03 

9 0.10 0.415 7.20 9.00—10 6.20 

10 1.00 + 0.360 6.23 0.00 6.23 
Table showing the relation between the concentrations of the 


H¢ 1 added and the potential differences observed 
TABLE 3 
Bi(OH)sNOs, + NaOH series 
NaOH Added 


Moles Log ¢ + 3 Log (H] = 
No per Liter Volts Log ¢ 3 Log « Const 
2 0.000 0.492 8.53 0.000 1.47 
3 0.001275 + 0.453 7.85 1.32-10 1.17 
4 0.00255 + 0.354 6.13 2.22—10 1.66 
4 0.0051 +0.302 5.23 3.12-10 1.65 
6 0.01275 + 0.230 3.99 4.32-10 1.70 
7 0.10 + 0.074 1.28 7.00-—10 1.72 
1.00 + 0.091 1.57 0.00 1.57 


Table showing the relation between the concentrations of the 
NaOH added and the potential differences observed 


TABLE 4 
Bi(OH).NO; + HC! series 
Moles 
NaOH Added 
No per Liter 
l 0.001275 


Log ¢ + 3 Log [H] = 
3 Log « 
7.10—10 5.74 
4 0.10 + 0.394 6.82 9.00-10 5.82 
10 1.00 + 0.347 6.03 0.00 6.03 
Table showing the relation between the concentrations of the 
HCl added and the potential differences observed 


Volts Log @ 
+ 0.510 8.84 


Table 5 Bi(OH).NO, + H,SO, series 
0.050 + 0.523 volts (inconstant) 
| to 4. The plot of the relation between the concentra- 


tion and the difference of potential shows the interest- 
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on different basic salts of bismuth. The rearrangement 
of the equilibrium when other ions are being added 
must, naturally, take place according to the law of mass 
action, this leading us to assume that, in the acid solu- 
tion, we have the equilibrium 

[Bi(OH),*] [Cl] = ky.. 
For the alkaline solution we should have, according to 
this view, 

[Bi***] [30H ]* = ky... 
To show that these assumptions are correct the follow- 
ing analysis on the results is made. 

The mixtures that formed contact with the metallic 
bismuth electrode, consisted of a solution of the basic 
salt, with the presence of a known concentration of an 
acid or of sodium hydroxide. If we consider, for exam- 
ple, the case of the basic bismuth chloride, there is, in 
solution, the equilibrium 

(Bi(OH),}] [Cl] = K,[Bi(OH),Cl). 
The solubility product, according to this equation, is 
expressed by 
[Bi(OH),*] [Cr] = s”. 

The presence of z moles of chloride ion in the solution 
causes the concentrations of the ions to rearrange, 
making the same product 

[Bi(OH),*] [Cl + 2] = s”, 

for if we add z moles of chloride ion, the concentration 
of the total chloride ion will be increased; since, how- 
ever, the solubility or ionic product cannot be exceeded, 
the concentration of the bismuth ions in the solution 
must decrease. Assuming that it decreases to 
{Bi(OH),*], and the total chloride ion concentration 
increases to [Cl + 2], their product is given by the 
above expression. 

According to this we have the concentration of the 


; ; 3° 
bismuth hydroxide ion given by [Bi(OH),"] = (Cr 42) 
The concentration of Cl, on account of being very small, 
is generally neglected. Hence [Bi(OH),"] 5 is the 


final concentration of the bismuth hydroxide ion in 
presence of z moles of chloride ion. 
This ion, however, is undergoing secondary ioniza- 


tion 
? , wide [Bi***}] [20H }’ 
Bi(OH), s Bi** + 20H’ and (Bi(OH)”) - 


Substituting, therefore, the above relation in this equa 























































































































ing fact that the changes of potential due to the addi- tion we obtain [Bi***] [(20H")’- [x] K., or 
tion of an alkali are greater than for the corresponding ; s : 
addition of acid. It also shows that the sulphates or [Bi**] = K, al (1) 
nitrates produce different changes of potential when in ; es ee ee 
contact with the basic bismuth 
chloride from the chloride 0 
ion in similar contact. On Bi 
the other hand, the presence 
of sodium hydroxide with 4 § Bi —_— — 
either the basic nitrate or the “ a 
chloride of bismuth gives 4 ee 
practically identical potential .2 : ae 
differences. 
These experiments and the 3 
work of the above named 3 
observers tend to show that, ¢ 
in the acid solution making 
contact with the basic salt, 4 
it is the anion that is in- wa 
fluencing the equilibrium, 
since different anions have 5 Col i 
different influences on it. In 7) 02 03 4 05 06 8  - 
the alkaline solution, how- 


ever, one and the same hy- 
droxide has the same effect 


CURVE SHOWING THE RELATION BETWEEN THE POTENTIAL DIFFERENCES OBSERVE 
AND THE IONIC CONCENTRATIONS 
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if we neglect the already small and finally disappearing 
{[20H"]’. This expression then represents the concen- 
tration of the bismuth ion in a solution which is in con- 
tact with washed basic bismuth chloride and a solution 
containing z moles of hydrochloride acid. 

In the presence of an alkali the relation makes a 
somewhat different appearance. If we again start with 
the well-washed basic chloride, we have, in solution, the 
equilibrium 

Bi(OH),Cl ss Bi( OH), + Cr. 
When KOH is added to this solution, the following reac- 
tion is taking place 
Bi(OH),Cl s Bi(OH), + Cl 
KOH s OH + K’ 
Bi(OH),Cl) + KOH ss Bi(OH), + KCl 
The bismuth hydroxide formed in the solution ionizes 
according to 
Bi(OH), s Bi*** + 30H’. 
Due to the very small solubility of the bismuth hy- 
droxide, we have again the solubility product 
[Bi***] (SOH-}° = s™. 
The addition of z moles of hydroxide ion causes a re- 
arrangement of the equilibrium to 
[Bi***] [30H + z]’ = 8”. 
If we then again neglect the very small concentration of 
[30H ]’, we obtain, as the final concentration of the 
bismuth ion in the solution containing z mole of 
» 
[Bi***) = Koo rs 

Making contact between this alkaline or the acid 
solution in the presence of the basic bismuth chloride 
and a metallic bismuth electrode, and connecting this 
system with a similar vessel giving a known difference 
of potential, we obtain a cell of which the difference 
of potential depends on the concentration of the bismuth 
ion in the solutions which make contact with the metal- 
lic bismuth electrode. 

If we introduce these ionic concentrations in the 
equation giving the potential difference of a concentra- 
tion chain, we obtain, for the acid solution, 


hydroxide ion as 


>» [2] 


E = 0.613 — E, = 0.05771 log : 


For the alkaline solution we obtain from (2) 


-Tr}? 
E = 0.613 — E, = 0.05771 log?! 


These two equations should, if the above reasoning 
is correct, give the relation between the potential dif- 
ferences of the cells, arranged as outlined, and the con- 
centrations of the ions, either the chloride or the hy- 
droxide ions that were added to the basic salt. 

In order to bring these equations into a better form 
it is necessary to make the following transformations: 


-- then = = log [x] + log = 


In the present case, both the electrolytic solution ten- 
sion of bismuth and the solubility product of the basic 
salt are unknown. In general agreement, however, 
with the evidence which we have on the subject, we can 
assume that neither the solubility product of the basic 
salt nor the electrolytic solution tension of bismuth are 
changing when the concentration of the chloride or the 
hydroxide ion is changing. The constancy of the value 
of these two factors could, therefore, be taken as an in- 
dication that the potential difference and the concentra- 
tions are varying according to the ratio fixed by the 
given equations. 


If E, = Clog 


E 
If we now put ¢o 7°, we obtain log 9 = — log 7. 
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Using Briggs logarithms 1 becomes equal to 10 and 

E 

og ¢ = C 

This makes the two equations in question appear as 
log ¢ log |x| + const., for the acid solution, or as 
log ¢ = 3 log [¢] +- const. for the alkaline solution. 

The two constants are, of course, not equal, for we are 

dealing with solubility products of different salts. 

This test was applied to the results obtained given in 
Tables 1 to 4. Constant values are in column 6. 

The tables show that the constants, obtained by the 
addition of identical hydroxide ion concentrations either 
to the basic chloride or the basic nitrate of bismuth, are 
almost equal. This indicates that the solubilities of the 
basic nitrate and the basic chloride are (in so far as 
the accuracies with which they are expressed in the 
equations are concerned) nearly equal. But it also 
brings out the fact, that in both cases it is the hydrox- 
ide ion which causes the rearrangement of the equili- 
brium; as in the present case, for instance, with two 
basic bismuth salts having different anions but having 
cations both of which, on further ionization, yield the 
same concentrations of hydroxide ions. 

Tables 2 and 4 show that there are considerable dif- 
ferences between the constants when we add equal con- 
centrations of hydrochloric acid to the basic chloride 
and the basic nitrate respectively. The effect of the 
chloride ion on the equilibrium is, therefore, different 
with the two salts; and this difference must be taken 
as an indication that the chloride ions which exert an 
influence on the equilibrium are the common ion, which 
then causes the decrease in the concentration of the bis- 
muth ion in order to make the solubility product of the 
salt in solution again equal to its original value. 


hence 


SUMMARY 


The conclusions that can be derived, at present, are 
that in acid solution the basic bismuth salts ionize into 
a complex monovalent bismuth hydroxide ion Bi(OH),* 
and a monovalent anion maintaining a constant equili- 
brium ratio. In the presence of an alkali hydroxide the 
basic salt ionizes into the trivalent bismuth ion Bi*** 
and three monovalent hydroxide ions 30H. In this 
case also, there is maintenance of an equilibrium in ac- 
cordance with the law of mass action. 


DETERMINING CONCENTRATION OF THE HYDROXIDE ION 


In view of the satisfactory agreement of the results, 
and the constancy and accuracy with which the concen- 
tration of the hydroxide ion concentration can be cal- 
culated from the potential difference measurements, the 
cell consisting of the basic chloride or nitrate and an 
electrode of metallic bismuth is suggested as being very 
serviceable for the rapid and accurate determination of 
the concentration of the hydroxide ion, either in clear 
inorganic solutions or in solutions containing colloids 
or organic substances such as proteins, etc. 

It has been shown that reversible electrodes or elec- 
trodes of the second kind are suitable for the determina- 
tion of the ratios of distribution of ions between a sol- 
vent and adsorbing colloids. Electrodes of the first 
kind are not always applicable, for the contact of gases 
with the mixtures produces, in many cases, precipita- 
tion of one of the constituents. This, of course, causes 
always a disturbing derangement of the equilibrium. 

In its present form, the method is to some extent 
empirical, for the constants found hold only for the 
temperature of 18 deg. C. The accurate determination 
of the electrolytic solution tension of bismuth and of 
the solubility of the various basic salts is in progress. 
If these factors are definitely known the method may 
be considered fully developed and not to depend on em- 
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pirically calculated constants. It is hoped that a fur- 
ther report on these determinations can soon be made. 
Biochemical Laboratory New York City. 
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An Enlarged Electron of Practical Size: 
The Faraday 


By Carl Hering 


It is the fashion to-day to talk in terms of electrons, 
the entities which compose the atoms. Physicists tell 
us that the smallest atoms are about one-three-hundred- 
millionth of an inch in diameter, and the largest not 
many times this; that there would have to be a row 
of about 200 of them to form something large enough 
to be visible in the most powerful microscope known; 
that if a drop of water were enlarged to the size of the 
earth, the atoms in it would be about the size of a base- 
ball; that helium gas contains 77 billion-billion atoms 
per cubic inch, presumably meaning at atmospheric 
pressure. And still further straining our abilities of 
conception, they tell us that the negative electrons, 
which are supposed to be all alike, are about a one- 
hundred-thousandth part of an atom; that if an average 
atom were enlarged to a sphere 100 yards in diameter, 
the electron would be about the size of a pin-head, 
though its density is said to be a million-million times 
that of the atom.* 

Such staggering and bewildering figures, and the 
fact that they are not yet accurately known, make 
it impossible to talk quantitatively about electrons in 
practice, yet if the engineer is supposed to deal with 
electrons he must know something more precise about 
the quantity of negative electricity which an electron 
represents. 

The chemist who has had to deal with these tiny 


atoms in a quantitative way, has solved this difficulty 
in practice by the ingenious and perfectly satisfactory 
and accurate method of imagining a practical substan- 
tial form of atom, or “life-size” atom, to consist of a 
certain number of millions of the real atoms; the exact 
number is not known nor is it necessary to know it, 
as long as all of them have been increased exactly the 


same number of times. If the atomic weight of hydro- 
gen is 1, then this aggregation or enlarged, practical 
atom is by definition such that it weighs 1 gram, and 
when the atoms of all the other elements are increased 
in number the same number of times the practical 
atoms will weigh as many grams as are represented 
of their atomic weights; these enlarged, practical atoms 
are the well known gram-atoms of the chemist, the 
gram-molecules being similarly defined. These practi- 
cal atoms are quite substantial and workable amounts, 
being easily weighed and measured. Thus a gram-atom 
of copper weighs 63.57 grams, a piece of copper about 
the size of a large marble, and a gram-molecule of hydro- 
gen under normal conditions measures 22.39 liters, or 
a little less than a cubic foot. 

This ingenious and quite satisfactory scheme of the 
chemist to get over this difficulty naturally suggests 
that a similar method might be used to establish a 
substantial, workable, “life-size” electron. Fortunately 
a simple relation exists which makes this quite practical. 

It is known from Faraday’s law that an atom of 
every element requires exactly the same quantity of 
electricity to oxidize or reduce it electrochemically per 
unit change of valence, hence the gain or loss of the 
same number of electrons, whatever that number is. 
For the chemist’s enlarged, practical gram-atom, it is 
known definitely that this quantity is equal to 96,494 
coulombs or 26.80 ampere-hours, which is also a sub- 


*Comstock and Troland, “The Nature of Matter and Electricity.” 
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stantial, easily measured quantity, and like the gram- 
atom requires no straining of the imagination to con- 
ceive it; it is in fact a very large amount for a gram- 
atom to carry when we conceive that it means a charge 
which could cause a steady flow of nearly 27 amperes 
for one hour. This constant quantity has received 
the name of a faraday and is now beginning to be re- 
ferred to in literature by that name. 

It will be seen therefore that if the constant (the un- 
known) quantity of electricity which is gained or lost 
when one real atom is oxidized or reduced electrochem- 
ically, be multiplied by the same (unknown) number 
that the real atoms have been multiplied by to make 
the practical gram-atoms, it will be equal to the 
faraday. Hence this definite quantity of electricity 
(the faraday) is obtained quantitatively in exactly the 
same way from the minute, unknown quantities of elec- 
tricity, as the definite quantity of matter (the gram- 
atom) is obtained from the minute, unknown quantity 
of matter in a real atom, thus deducing a real, definite, 
substantial quantity from the realm of the unknown 
and inconceivable. Even another unknown quantity is 
eliminated thereby, namely the number of real electrons 
which a real atom gains or loses in being oxidized or 
reduced; this need not be known either in establishing 
these substantial, workable units in this way. 

The faraday may therefore quite consistently and 
correctly be called a gram-atom-electron, or enlarged 
electron, or popularly, a life-size electron, and with 
this understanding this enlarged electron can be ration- 
ally and correctly used in calculations and in litera- 
ture; and as its size is so inconceivably larger than 
the real electron, no confusion could ever arise in the 
intelligent mind as to whether the real or the enlarged 
electron is meant if the latter is referred to more briefly 
as an electron, just as the chemist may and often does 
refer briefly to the atom when he really means the en- 
larged gram-atom. 

Thus it is quantitatively correct to say that a gram- 
atom of hydrogen (1.008 grams) loses one enlarged 
electron (one faraday or 26.8 ampere-hours) on being 
reduced, or that one gram-atom of iron (55.84 grams) 
gains three enlarged electrons (3 faradays or 80.4 am- 
pere-hours) on being oxidized from iron to the ferric 
state. Each of the + and — signs often placed over 
the symbols of atoms showing the free charges carried 
after dissociation, and every unit of valence, therefore 
represents an enlarged electron of one faraday if the 
symbol represents a gram-atom. Similarly each bond 
then represents quantitatively the attraction of one 
negative faraday or enlarged electron on one element 
to one positive electron on the other. 

Whether chemical reduction is a loss of negative elec- 
trons, as stated above, or a gain, is perhaps still con- 
troversial, and not yet proved physically; whichever it 
is, oxidation is the exact reverse; this does not affect 
what has been said above about the quantity of the en- 
larged electron, but merely the direction of its flow. 
At present the opinions are deduced from arguments 
involving the definition of what the real processes of 
reduction and oxidation mean; the writer considers 
that the true reduction occurs during the decomposition 
or dissociation of a compound, while some others con- 
sider it to occur when the element of an already de- 
composed or dissociated compound is finally set free. 
The writer cites the case of reducing the iron in ferric 
compounds to ferrous, which is a true reduction, yet 
no iron has been set free. This subject was discussed 
more fully in an article by the writer on “Oxidation and 
Reduction in  Physical-Chemistry—Consistency of 
Terms and Conceptions,” published in the May 1 issue 
of this journal, page 507. 
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The Grinding Wheel—A Link Between 
Electric Furnace and Automobile* 
By Richard G. Williams 


The words “abrasive wheel” are perhaps more indica- 
tive to an electrochemist and “emery wheel” to some 
automobile manufacturer than the words “grinding 
wheel.” However, the manufacturer of grinding wheels 
is of the opinion that neither “abrasive wheel” nor 
‘emery wheel” really fits the situation, and so prefers 
the words “grinding wheel.” Emery is only used to a 
very slight extent at present, and since an ordinary 
barnyard sandstone is an abrasive wheel, it is hardly 
correct to use abrasive wheel either, because the modern 
grinding wheel is an efficient cutting tool and must not 
be confused with sandstones and emery wheels. 

The success of the modern grinding wheel is depend- 
ent to a very large degree upon a product of the electric 
furnace, namely, artificial abrasives. Artificial abrasives 
are of two kinds, or two groups, the aluminous group 
and the carbide of silicon group. The first contains 
aluminium oxide as the main constituent, and the dif- 
ferent materials vary quite widely in physical proper- 
ties, according to their chemical composition and elec- 
tric-furnace treatment; while the carbide of silicon 
abrasives, forming the second group, vary but slightly 
in chemical composition and physical properties. These 
groups of artificial abrasives vary in characteristics 
almost as much as the different alloy steels which have 
been developed in the electric furnace by the initiative 
and resource of electrochemists. No product of the 
electric furnace, however, has a larger field of impor- 
tance, nor has more profoundly influenced modern me- 
chanical production and methods, than artificial abra- 
sives. In view of the fact that the automobile industry 
is probably the best example we have of rapid produc- 
tion and advanced modern methods, you can readily 
appreciate the importance of artificial abrasives in this 
industry, and a short description of the manufacture 
of abrasives will be in order. 

Considering first the aluminous group, the raw mate- 
rial must necessarily be a substance high in aluminium 
oxide. The most satisfactory material is a high-grade 
bauxite, although satisfactory abrasives are being made 
from other materials, such as low-grade bauxite and 
emery. Aluminous abrasives are made in the arc type 
of furnace. These furnaces often consist of a wrought- 
iron shell or some form of pot lined with carbon. The 
electrodes are suspended in the pot and then lowered to 
the bottom of the furnace, a train of graphite or fine 
coke placed between the electrodes, the current turned 
on and an arc suitable for fusing is available as soon as 
the train of graphite or coke has volatilized. 

Before fusion in the electric furnace the bauxite re- 
‘eives a calcining treatment to drive off 30 per cent of 

ombined water. Suitable chemicals are mixed with the 
alecined ore in order to facilitate the removal of such 
naterials as iron and silicon. Furnaces of three-ton 
apacity consume about 650 to 700 horsepower and it 
ikes approximately 24 hours for a furnace run. After 
the run is completed the shell is stripped off or the fur- 

vce sides removed and the pigs allowed to cool. When 
he pigs have cooled to a sufficient temperature, they 

‘re broken up by sledge hammers into pieces convenient 
‘or putting through a large jaw crusher. This opera- 

m reduces the material to pieces about the size of a 
ian’s fist, and in this condition the abrasive is sent to 
.e grinding-wheel factory for further treatment. 

The carbide of silicon abrasives have been described 


*A paper read at the Detroit meeting of the American Electro- 
emical Society, May 3, 1917. 
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so many times that it hardly seems necessary to again 
mention their manufacture, particularly to the Ameri- 


can Electrochemical Society. In order to have the sub- 
ject complete, however, a few remarks will be given. 

The resistance type of furnace is used. The heat 
radiated and conducted from a central core of finely 
ground coke is used for the formation of the abrasive. 
The raw materials are coke, sand, sawdust, and a little 
salt, the object being to extract the carbon from the 
coke, the silicon from the sand and tie these up in the 
ratio of 1 to 1. It takes about thirty-six hours for a 
furnace run and approximately 1000 hp. is consumed. 
After the furnace has cooled considerably the outside 
layer of semi-decomposed materials is stripped off, and 
carbide of silicon is found to exist in a comparatively 
thick shell around where the coke core originally existed. 
It is an easy matter to break this shell up into pieces 
convenient for handling. The material is then sent to 
the grinding-wheel factory. 


PREPARATION OF THE ABRASIVE GRAIN 


When the crude abrasive in lumps ranging in size 
from those that will pass through a 6-in. (15 cm.) ring 
and smaller are received at the grinding-wheel factory 
the first step in the production of grain to be used in 
grinding wheels and other products such as oilstones, 
rubbing bricks, refractories and so forth is to pass 
through powerful crushers, equipped with manganese 
steel jaws. This operation reduces the material to 
small lumps. It is further reduced from lumps to grains 
by passing through succeeding rolls, each set being 
somewhat smaller than that preceding. In this way a 
range of sizes from very coarse to very fine is produced. 

Some abrasives as received in the grinding-wheel fac- 
tory contain an appreciable proportion of material which 
is magnetic and which is detrimental to the manufac- 
ture of wheels. This material is, therefore, removed by 
means of a magnetic separator. 

The next step is washing. The material is placed in 
suitable machines and by means of agitating devices in 
connection with a current of water, the very fine sizes 
and dirt or dust which the material may have picked up 
are thereby removed. After washing, the material is 
dried in a very simple type of dryer. This consists of 
boiler plate shell, on the inside of which are longitudinal 
vanes. The shell is tilted somewhat, revolves slowly and 
the material allowed to fall upon a series of steam coils 
which are located in a central position inside the shell. 

The final operation is sizing. The material is fed ina 
uniform stream on top of horizontal screens which are 
mechanically agitated. The resulting average size of 
grain depends upon a number of factors, among which 
the following are mentioned: Amount of feed, speed of 
agitation, length of the strokes, size of the wire in the 
screen, and size of the aperture. 

To produce very fine grains, which are referred to as 
flours, hydraulic classifiers are used. The basic princi- 
ple is the same as in any type of hydraulic classification, 
namely, the material to be sized is introduced into water 
moving with a definite velocity. The velocity is suffi- 
cient to carry away the finer portion of the material, 
while the rest is heavy enough to remain in the original 
container. It might add interest to describe various 
pieces of apparatus, but as each piece is special and the 
product of careful experimentation, it would not be in 
order to go into detail in a general paper of this type. 


MANUFACTURE OF GRINDING WHEELS 


The term “grinding wheel” as here used is intended 
to apply to wheels made by bonding abrasive in a suit- 
able manner and then subjecting the whole to heat 
This distinguishes a grinding wheel from 


treatment. 
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a grindstone, which is nothing more or less than a 
piece of stone quarried out of the ground and worked 
to suitable dimensions. It is also necessary in order 
to be comprehensive and strictly up to date to narrow 
the consideration even further and omit all references 
to the natural abrasives such as emery and corundum. 
We are, therefore, in this paper dealing only with the 
artificial abrasives, except where it is necessary ‘to 
mention the natural ones as a matter of comparison. 

All grinding wheels are composed of two main con- 
stituents: 

1. The Abrasive. This is in grain form, the sizes of 
the grain depending upon the use to which the wheel 
will be put. 

2. The Bond. This is a name used to indicate the 
material or substance by means of which the particles 
of abrasive are held together. In other words, the bond 
serves as a setting for the abrasives, and in this man- 
ner the face of a grinding wheel presents a more 
or less constant distribution of cutting particles. 

Vitrified Wheels: The commercial method of classify- 
ing grinding wheels is by the kind of bonding material 
used. The most important type of wheel is the vitri- 
fied. The bonding material in this type is composed of 
various kinds of clay mixed together according to 
definite, secret formulas. A weighed amount of the 
abrasive, a weighed amount of the bond and a measured 
amount of water are all placed together in a mixing 
kettle, the whole thoroughly stirred for a definite length 
of time to insure uniformity, and then the mixture 
is drawn off from the bottom of the kettle into molds 
and allowed to dry. 

After the wheels have dried they are taken to a 
department known as the shaving department. Here 
the wheels are turned to the approximate dimensions 
and shape the order calls for. 

Pressed Wheels: A certain variety of vitrified wheels 
is made by what is known as the pressed process. Here 
the bonding clays only have enough water added to them 
to make the particles stick together to a slight degree. 
The abrasive and bond are mixed in kneading machines, 
and after a uniform mixture is obtained, the mass is 
placed in an iron mold, uniformly distributed through- 
out the mold, and then the material is subjected to 
pressure by means of powerfu! hydraulic presses, the 
number of pounds per square inch being dependent 
upon the grade of hardness desired. After pressing, 
these vitrified wheels do not need shaving, but can be 
placed directly in the kilns for heat treatment. 

Heat Treatment: The next operation in the manufac- 
ture of vitrified wheels is the heat treatment in the kilns. 
The object is to submit the abrasive and dry clay to a 
heat which will properly vitrify and mature the bond. 
The highest temperature reached is about the melting 
point of steel, and the length of time required for heat- 
ing, the length of time held at high heat and the cooling 
period are very important. 

The kilns are usually of the up and down draft, 
pottery variety, and are fired by a series of hard-coal 
fires placed equally around the base of the kiln. The 
most common type of kiln is the single stack, natural 
draft, although some are in use which lead to a central 
stack. 

After the kiln has cooled sufficiently the wheels are 
taken out, or unloaded, as the men in the factory say. 

Silicate Wheels: In this class of wheels, as the name 
indicates, the bonding material is a silicate. A com- 
mercial grade of silicate of soda, commonly known as 
water-glass, is the main constituent and to this are 
added certain chemicals to make the bond water-proof. 
A weighed amount of the grain and a measured amount 
of the bonding material are placed in long cylinders, 
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and these are slowly revolved end for end until a uni- 
form mixture is obtained. The mixed mass is placed 
in an iron mold of the approximate dimensions the 
order calls for and rammed into place by means of hand 
hammers or air hammers. This is a rather delicate 
operation in that the personal equation enters to quite 
a large extent. After sufficient ramming, the wheel is 
placed, while still in the mold, in an oven heated by 
means of an ordinary coal fire. After the baking treat- 
ment the wheels are hard, and from here on they are 
treated the same as any other type. 

Elastic Wheels: This name is derived from the fact 
that the bonding material has quite a degree of elas- 
ticity. The main constituent of the bond is of organic 
nature, the most satisfactory material being shellac. 
To this is added certain chemicals to facilitate harden- 
ing in the baking and also to make the wheel waterproof. 
A weighed amount of the grain and a weighed amount 
of the bond, containing shellac in flake form, are placed 
in mixing machines, similar to the ordinary power bread 
mixer, containing kneading paddles. After the mixing 
process the whole mass is dumped out into a large 
shallow pan and allowed to cool, in which condition it 
is brittle. This brittle cake of abrasive and bond is 
broken up into small pieces and then put through a 
series of rolls which break the mass up into the indi- 
vidual grain. The rolls do not fit close enough, however, 
to reduce the size of the grain, the idea simply being 
to produce a mass composed of loose grains, each of 
which has a coating of shellac. In this form the mate- 
rial is placed in an iron mold the approximate shape 
of the wheel, the mold and all are placed in a steam 
box and heated up to the temperature where the shellac 
is again of a workable consistency. In this condition 
the abrasive and bonding material is subjected to 
pressure in a heavy press, the number of pounds per 
square inch depending upon the degree of hardness 
desired. After this pressing operation the mold and 
all is again placed in another steam box and heated for 
a length of time which will permit the bond to become 
permanently hard. From here on this type of whee! 
is treated exactly the same as any other. 

Vulcanized Wheels: Here again the name is indica 
tive, the bonding material being rubber. The manu 
facture of vulcanized wheels is almost the same as that 
of any other hard-rubber product. A weighed amount 
of the very best grade of crude rubber, the right pro 
portion of sulphur, and a weighed amount of grain are 
thoroughly mixed together by numerous passes through 
horizontal rolls so located that the material passes 
down in a vertical direction. After a uniform mixture 
is obtained, the mass is again passed through a set of 
rolls, this time so located that the material passes 
through in a horizontal direction. It is rolled dow: 
to the desired thickness, cut out to the desired diameter 
and a hole of the desired diameter is also cut out in th: 
center. The next operation is vulcanizing, and th: 
vulcanizing of rubber wheels does not differ from th 
vulcanizing of any other rubber product. From here o: 
this type of wheel is also treated the same as an 
other. 

Truing and Bushing: The next operation is that o 
truing, namely bringing the wheels to the true dimen 
sions called for on the order. The wheels are mounte: 
in a three-jaw chuck, revolved, and special tools r« 
sembling an emery wheel dresser brought up agains 
the side of the wheel. 

In order to bring the wheels to the desired diamete 
they are firmly held to a revolving arbor and the dress 
ing tool passed back and forth across the face, grad 
ually reducing the wheel to the desired size. For fin 
wheels which must be carefully shaped on the fac: 
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a diamond is used. This is mounted securely in a fix- 
ture and the diamond slowly passed across the face 
of the wheel, light cuts only being taken, as otherwise 
there would be a tendency to crack and destroy the 
diamond, 

In this department the bushing, as it is termed, is 
also placed in the wheel. This consists of lead, except 
where experience has shown that it is advisable to use 
a harder material, in which instances babbitt is used. 
The wheel is allowed to rest on its side in a three- 
jaw chuck, carefully centered, then a steel arbor from 
0.002 to 0.005 in. (0.05 to 0.13 mm.) larger than the 
desired hole in the wheel, is placed in the center hole 
in the chuck and the lead then poured around the arbor. 
The lead solidifies in a few minutes, when the wheel 
is removed from the chuck, and the arbor is carefully 
driven out with a soft hammer. The bushing is then 
trimmed, so that it does not extend quite flush with the 
sides of the wheel. This is to provide clearance so 
that when the wheel is mounted on the machine there 
will be no possibility of the holding stresses being con- 
centrated at the hole of the wheel. 

Speed Test: The next operation in the manufac- 
ture of wheels is revolving at a speed higher than the 
wheel is recommended to operate, in order that the 
manufacturer may know that his product goes out with 
sufficient factor of safety. The testing speed for wheels 
is 9000 surface feet per minute (2700 m.) except those 
of organic bonds which are tested at a somewhat higher 
speed. Since wheels are recommended to operate in 
the neighborhood of 5000 surface feet per minute 
(1500 m.) this gives a factor of safety, based upon the 
square of the speed, of between three and four. A 
careful record of every test is kept, and before filinz 
the men making these records are required to go before 
a justice of the peace and swear that their statements 
are true and correct. When a wheel has successfully 
passed the speed test and the records of the testers 
have been inspected, the manufacturer has gone as far 
as he can in assuring the trade that they are receiving 
a product which is safe to operate. 

Final Inspection: The wheels next pass through a 
department where they receive final inspection. Here 
care is used to see that the right wheels are going to 
the right customer and that dimensions and other 
specifications called for by the order have been exactly 
complied with. 

Packing and Shipping: The wheels are held rigidly 
in position in boxes or barrels by means of tightly 
rammed sawdust. Wheels go directly from here to the 
freight cars and are shipped to destination. 

Grading: Grade is the word used to designate rela- 
tive hardness of any given wheel. Different methods 
are in use of indicating grade, although the most com- 
mon is to use the letters of the alphabet. One company 

ses the first letters of the alphabet for the harder 
vrades, the middle letters for the medium grades and 
he last letters of the alphabet for the softer grades. 
\nother company uses just the reverse of this method 
vhile others use a system based upon some particular 

ord. 

Grade is determined by measuring the resistance 
which a wheel offers to the penetration of a small 
teel tool resembling a screw driver. The wheels coming 
hrough the process are compared with wheels of known 
\ardness so that all variable factors are reduced to a 

inimum. 

Since one of the important steps in the manufacture 
of grinding wheels is a heat treatment, a quantity 
of wheels all heat treated at the same time will vary 
omewhat in hardness. This becomes evident by a 

msideration of the fact that the individual parts of 
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any lot of material which is heat treated, for example 
a lot of automobile gears, will vary somewhat after 
being hardened. It is therefore necessary to test after 
hardening, by means of a sclerescope or some other 
instrument, to be sure gears are not passed which are 
too hard or too soft. Those coming within a certain 
range of hardness can be used satisfactorily. 

The belief is quite common that a grade is an exact 
value. This belief can probably be traced back to the 
wheel manufacturer endeavoring to educate his trade 
to the state of mind whereby it will be believed that 
competitors’ wheels may vary in grade, but his will not. 

A grade is not an exact value, it is a range between 
limits, and all wheels which come within this range are 
of one grade and carry the same grade letter. 

A lot of wheels, all of the same dimensions, the size 
of grain, but different grades, were slowly speeded up 
to a point where centrifugal force became greater than 
the hardness of the wheel and breakage occurred. The 
number of pounds per square inch tensile strength to 
which each wheel 
was subjected at 
the time of break- 
age was calculated 
by using a formula. 
The values given 
in Figs. 1 and 2 
should not be taken 
as exact, because 
formulas for cen- 
trifugal force in 
grinding wheels 
vary somewhat, but 
the figures will do 
for the purpose of 
comparison. 

Fig. 1 illustrates 
the popular concep- 
tion of grinding 
wheel grade, name- 
ly, that it is a def- 
inite value. For in- 
stance, take grade 
L. Reading on the 
left-hand side of 
the line, we see that 1840 lb. per square inch tensile 
strength is directly opposite. The statement is often 
made that it is a physical impossibility for the 
wheel manufacturer to exactly duplicate grades, in 
that the wheels will come plus, that is slightly harder, 
or minus, slightly softer, than grade desired. State- 
ments of this kind are based on the conception illus- 
trated in Fig. 1. 

Fig. 2 gives more nearly a true representation of 
the facts in the case. Here it will be seen that grade L 
embraces a range of value between limits, the limits as 
calculated being 1795 lb. per square inch (1.25 k. per 
sq. mm.) as the soft limit and 1880 lb. per square inch 
(1.32 k. per sq. mm.) as the hard limit. A wheel of a 
tensile strength between these limits is truly a grade 
L. Likewise all grades are a range between limits. 

This explanation may possibly assist in understand- 
ing the reason why wheels of the same grade, for ex- 
ample, two grade L wheels, may vary quite noticeably 
in a grinding action. Consider one wheel almost soft 
enough to be grade K and another almost hard enough 
to be grade M, as shown by the arrows A and B in 
Fig. 2. 

Assume a certain grinding operation is being per- 
formed, all the variable factors of which, such as speed 
of work, speed of wheel, depth of cut, kind of material, 
etc., combine to bring a pressure against the wheels rep- 
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resented by arrow C. The wheel represented by arrow A 
will have long life while the wheel represented by ar- 
row B, not being strong enough to stand up under the 
pressure of the operation, wears away quite rapidly, in 
fact very much more rapidly than the difference in 
hardness would seem to indicate. 


GRINDING CHARACTERISTICS OF VARIOUS ABRASIVES 


Probably the most important physical property of an 
abrasive is hardness. Other properties such as tough- 
ness and ability to resist shock are also important, but 
knowledge of the art of grinding has not advanced 
sufficiently far so that we can definitely state the rela- 
tive importance of the different physical characteris- 
tics; that is, we cannot state upon which of the proper- 
ties the grinding action of the abrasive most depends. 
We know that the artificial abrasives are harder than 
corundum but not as hard as diamond. It is extremely 
difficult to determine differences in hardness of the 
artificial abrasives and for this reason we are some- 
times led to believe that hardness is not so very im- 
portant. This is because there is wide difference in 
the grinding action of existing abrasives and but little 
difference in hardness, as determined by present meth- 
ods. However, if the hardness of mineralogical mate- 
rials could be brought down to a satisfactory basis where 
variation could be measured in units of uniform size, 
we would probably find that there is as much variation 
between nine and ten on “Mohs” scale as there is be- 
tween one and nine. Hardness has been determined 
with sufficient accuracy, however, to make it possible 
to give the following statement with confidence. 

Carbide of silicon are harder than 
inous abrasives. 

When a grinding wheel containing a certain abrasive, 
satisfactorily grinds very tough material, we say the 
particular abrasive is possessed of considerable tough- 
ness. Whether or not this is the right word to use 
this paper will not discuss. Until the experiments which 
are being continually conducted have proved otherwise, 
the trade will continue to refer to this characteristic 
of abrasives as toughness. 

We can readily conceive of two different materials, 
one of which is possessed of the properties of hardness 
and brittleness, while another may be less hard and 
tough. The brittle material may have sufficient strength 
to stand up under relatively light pressure, while the 
other material possessing less hardness but being more 
tough, may wear away so rapidly, due to its lower 
hardness, that the desirable property of toughness be- 
comes entirely secondary. 

Under other conditions we might have pressure 
brought to bear against the brittle material which it 
could not withstand, thus causing excessive wear, while 
the tough material, even though of lesser hardness, 
nevertheless is hard enough to stand up under this 
pressure for a sufficient length of time to be consid- 
ered satisfactory. 

The theory outlined above is quite frequently used to 
explain the marked difference in grinding action be- 
tween the aluminous and carbide of silicon abrasives. 
Actual experience has shown that when materials of low 
tensile strength such as cast iron, brass, bronze, etc., 
are ground, carbide of silicon, which is hard but rela- 
tively weak, is more efficient than the aluminous abra- 
sives. On the other hand, when grinding materials 
of high tensile strength, ranging all the way from 
medium carbon to the high-speed steels, we find that 
aluminous abrasives give better satisfaction than car- 
bide of silicon. 

Research is continually being conducted to bridge 
the gap between the two abrasives. Success is already 


abrasives alum- 
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accorded in the aluminous group. A material which is 
on the market and which carries the trade designation 
of 38 alundum, is better adapted for grinding certain 
kinds of steel than the original material which is known 
as regular alundum. This latter material, however, 
is better than the No. 38 material on certain classes 
of work. Other varieties of aluminous abrasives come 
somewhere near these two but enough difference exists 
to be a sales factor. There is still a big field for re- 
search, and the manufacturers of artificial abrasives 
are very active and there is every promise of new va- 
rieties being soon on the market. 

THE GRINDING WHEEL AND GRINDING MACHINE 

MANUFACTURE OF AUTOMOBILES 


IN THE 


The statements under this head must in the main 
be general, first on account of the limited amount of 
time, and in the second place, because quite frequently 
history is made in the automobile business between the 
time an article is sent to the printer and it is ready 
for distribution. 

The following are important parts which depend upon 
the modern grinding wheel and grinding machine for 
the accuracy demanded: 

Crankshafts. 

Piston Pins. 

Piston Rings. 

Pistons. 

Cam Shafts. 

Eccentric Rods. Bearings, both ball and 

Steering Knuckles. roller. 

This list is not by any means complete. To mention 
all the parts of an automobile that come in contact with 
the grinding wheel would be to name almost every es- 
sential part, the possible exceptions being the sheet 
metal fenders, hood over the engine, radiator and the 
rubber tires; even the glass windshield, the springs in 
the cushion, enameled number plate, the clutch and 
brake pedals and the button to the Klaxon horn are 
ground. 

The grinding wheel also has what may be called an 
indirect bearing on the manufacture of automobiles. 
The metal tools used in lathes, planers, boring mills, 
milling machines, and so forth, must be sharpened when 
they become dull. A great many of these tools are made 
of alloy steel which can only be satisfactorily shaped 
by using a grinding wheel. Stellite is a material which 
is rapidly coming into use. It, too, depends upon the 
grinding wheel to shape it as desired. When we con- 
sider this phase of the subject the importance of the 
grinding wheel is strongly emphasized and warrants 
one making the statement that present-day production 
would be only a dream if it were not for artificial 
abrasives. 

There is a type of grinding machine known as the 
precision grinding machine. The word precision is used 
because machines of this type must be capable of pro- 
ducing work of great accuracy. The art of precision 
grinding has advanced very rapidly during the past 
few years, and the demand of the automobile manufac- 
turer should get credit for a large share of the advance. 
Only a few years ago any one advocating the accurate 
grinding of shafts 5 in. to 6 in. long without table or 
wheel traverse would have been condemned as too vision 
ary. This step in the art has long since been passed. 

It is now possible to grind more than one diameter 
at one time with one wheel. This is an outgrowth 
of the use of very wide wheels taking extreme cuts 
without any traverse of the table or the wheel. 

A conception of the refinement necessary in the mod- 
ern grinding machine will become evident by consider- 
ing the following: 


Rear Axle Housings. 
Worm Gears. 

Spline Shafts. 

Push Rods. 

Valves. 

















May 15, 1917 








METALLURGICAL 


A machine using a very wide wheel, say 10 in. or 
12 in., must have great rigidity as well as be capable 
of producing refined work. Imagine the forces present 
when a wheel weighing 150 or 200 lb. (68 to 90 kilos) 
revolves on a spindle in plain bearings at 1000 to 1200 
r.p.m. There must be accuracy to keep this spindle in 
perfect alignment so that the face of the grinding wheel 
will produce an absolutely straight cylinder, and the 
weight required in the base of the machine and the 
wheel slide to absorb all vibration caused by the revolv- 
ing mass must be ample. Another factor which must 
be borne in mind is the resistance which is offered 
when the wheel is brought in contact with the work, as 
small particles of a very hard material are removed 
at an extremely rapid rate. It has been calculated 
that on a wheel 24 in. (60 cm.) diameter and 4 in. 
(10 cm.) wide there are 1,869,171,000 cutting particles 
coming in contact with the work each minute. The 
spindle bearings must be so closely adjusted that the 
boxes will be quite hot when the machine is in opera- 
tion, in fact a temperature of about 140 deg. F. (60 
deg. C.) is desirable. 

Limits on the work being ground of 0.0005 in. 
(0.013 mm.) are very common. those of 0.00025 in. 
(0.006 mm.) quite common, and in some cases require- 
ments are so exacting that less than 0.00025 in. (0.006 
mm.) is demanded. It should also be borne in mind 
that when the work is reduced 0.00025 in. (0.006 mm.) 
the massive slide carrying the wheel spindle and the 
grinding wheel moves forward only half of this distance. 
If it were possible to split a piece of tissue paper into 
12 thicknesses, the thickness of one of the resulting 
pieces would represent the motion of the wheel slide 
when the grinding wheel removes 0.00025 in. (0.006 
mm.) from the work. Bear in mind that this accuracy 
must be maintained not only where very small cuts are 
taken but also under conditions where the object is to 
grind off as many cubic inches per minute as possible. 

Many more interesting points could be given but it is 
hoped the few mentioned above are sufficient to have 
awakened a sense of appreciation of the modern grind- 
ing wheel and grinding machine. 

The next time you look at the engine and trans- 
mission machinery in your car do so with a certain 
amount of reverence, and take a few moments from your 
busy life to reflect that a product of the electric fur- 
nace has made all this possible—the artificial abrasive. 


The Norton Company, 
Worcester, Mass 


Titanic Oxide Pigment 

Considerable research work has been conducted by 
the Titanium Alloy Manufacturing Company, of Niag- 
ara Falls, N. Y., on the production of titanium com- 
pounds for use chiefly as pigments. In a patent granted 
to Louis E. Barton, Oct. 5, 1915 (No. 1,155,467), and 
in applications No. 23,520, filed April 23, 1915; No. 
40,639, filed July 19, 1915, and No. 102,393, filed June 8, 
1916, different methods are described for producing 
titanic sulphate or other base having a coating of 
minute particles of titanic oxide. The methods in gen- 
eral include precipitation in solution of the oxide upon 
particles of the “extender” or suspended material such 
as the above-mentioned titanic sulphate. 

Another patent has just been issued to Mr. Barton 
‘No. 1,223,357, April 24, 1917) and assigned to the 
Titanium Alloy Manufacturing Company, in which is 
described a method of producing the titanic oxide, which 


is stated to give a more desirable and purer product . 


than previous processes. An intermediate product is 
first produced in solution, and this is then calcined to 
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produce the final material. The solution is prepared as 
follows, according to the patent specification: 


“I first produce a titanic sulphate solution, in any con- 
venient manner and from any titaniferous material; but I 
prefer to do this by dissolving in sulphuric acid the titanic 
acid product of the method described and claimed in Letters 
Patent No. 1,171,542, granted to Auguste J. Rossi and my- 
self on February 15, 1916, because the titanic sulphate solu- 
tion thus obtained is particularly free from impurities and 
contains little, if any, free sulphuric acid and about 11 per 
cent of titanic oxid. This, or whatever other solution I 
employ, I dilute until it contains, say about 3 per cent of 
titanic oxid. I have, however, found it preferable for the 
preparation of certain composite titanic oxid pigments and 
also to expedite the subsequent operations to use a titanic 
basic sulphate solution instead of the neutral solution first 
referred to. 

“I therefore, preferably, convert the latter to basic con- 
dition in any convenient manner, such, for example, as by 
adding to such concentrated titanic sulphate solution lime 
slaked in five parts of water. The quantity of lime thus 
added in any case may be varied according to the results 
desired; but I have discovered that for the purpose of sub- 
sequently precipitating basic titanic sulphate an addition of 
lime chemically equivalent to 20 per cent of the total sul- 
phate in solution is sufficient. After the addition thereto of 
what may be termed lime-cream, I allow the charge to stand 
for, say, from about one-quarter to one-half of an hour, dur- 
ing which I agitate it from time to time, if only for the 
purpose of insuring a more complete combination of the 
ingredients. 

“The resulting calcium sulphate I then filter out and dilute 
the filtrate so that it shall contain, as in the previously 
referred to instance, about 3 per cent of titanic oxid.” 


Following the preparation of the solution, the sus- 
pended particles of sulfate or other base are then added, 
or precipitated, in the solution. Calcium chloride will 
precipitate an insoluble sulfate, as will other compounds 
which may be added, such as calcium hydrate, barium 
hydrate, barium sulphide, etc. So-called “extender pig- 
ments” may also be used, such as silica, barytes, gyp- 
sum, china clay or asbestine. These are insoluble in the 
solution and constitute the suspended material. Pre- 
cipitants are added in aqueous solution or, if insoluble, 
in water as a thin paste. 


“The proportions of the precipitant thus added will depend 
somewhat upon the desired composition of the final com- 
posite titanic oxid product. If the latter is to have a high 
titanic oxid content the precipitant should be added in 
quantity chemically equivalent to say 20 to 40 per cent of 
the total sulfate in solution, and, in that case, may be added 
either before, or soon after, starting electrolysis of the 
charge; but, if it be desired to add the precipitant in quan- 
tity equivalent to, say, as high as 40 to 80 per cent of such 
total sulfate, I find it preferable to do so in several instal- 
ments during the progress of the electrolysis, since thereby 
presence of the free sulphuric acid (product thereof) is in- 
sured sufficiently to facilitate formation of the desired in- 
soluble sulfates by reaction with the precipitant, and also tc 
retain in solution iron or other impurities present. If, on 
the other hand, the base or extender material is to be me- 
chanically added as such to the solution as in the form of 
an “extender pigment” above referred to, the entire amount 
may be supplied to the solution by a single charge and 
either before or immediately after beginning the electrolytic 
treatment, it being preferable in such case to comminute the 
precipitant as finely as convenient. 

“My next step is to electrolyze the solution, or charge. 
To this end, I use an electrolytic celi provided with any con- 
venient form of agitation adapted by its action to assist in 
keeping the particles of extender material in suspension in 
the solution. I prefer to accomplish the electrolysis by aid 
of passing an electric current through the charge directly 
from one to the other of a pair of therein supported, or 
therewith contacting, electrodes, preferably lead, the cell 
being without any diaphragm. While the voltage employed 
may be varied quite considerably, I have discovered that a 
current of from 5 to 10 volts and of a current density at 
the anode of about 30 amperes per square foot, gives satis- 
factory results. It will be noted that I thus utilize my dis- 
covery that in the required treatment, for my purposes, of 
the solutions pace sins a diaphragm, or a diaphragmed cell, 
is dispensed with. 

“During the aforesaid electrolysis I heat, as distinguished 
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from boiling, my solution. Such heating, preferably up to 
from say 90 deg. C. to 95 deg. C., I effect in any convenient 
manner, as for example by injecting live steam. But I can 
obtain, in some instances, and according to conditions, pass- 
able results with temperatures a little lower than those men- 
tioned. Higher temperatures may be used, even up to boiling, 
though such higher temperatures are, for reasons above re- 
ferred to, and others, rarely, if ever, desirable. 

“The result of the electrolysis, under the conditions de- 
scribed, is to precipitate basic titanic sulfate in the form of 
very minute particles, the which, in nascent state, and with, 
as I believe, concurrent adsorption phenomena, contact with, 
adhere to, and coalesce with, the insoluble particles of base, 
or extender materials, suspended in the solution, thus pro- 
ducing a composite precipitate which I then filter out, wash 
with water, and dry, thereby producing my exceptionally 
pure, intermediate composite titanic product which is of 
great utility for many purposes in the arts. 

“This intermediate composite titanic product I thereafter, 
if desired, calcine, to complete dehydration, at from 700 deg. 
C. to 800 deg. C., thereby producing the final composite 
titanic oxid product of my present process, the which is 
of exceptional! utility as a pigment in paint, and for other 
uses, it being freer from undersirable impurities than any 
other with which I am acquainted. 


Glass Analysis 
By E. W. Hagmaier 
PREPARATION OF SAMPLE 


Chip off corners of plate, allowing them to drop into 
a clean wedgwood mortar. Grind these to a fair de- 
gree of fineness, and sieve through a forty-mesh sieve, 
onto a sixty-mesh. Retain all that is held on the sixty 
for analytical samples. Take a portion of this from the 
sixty-mesh and grind to a powder in an agate mortar. 
The remainder on the sieve should be kept to make 
solubility tests, after being washed with 95 per cent 
alcohol and dried at 105 deg. C. 


DETERMINATION OF SIO, 


Fuse one-half gram of the finely ground sample with 
two grams of potassium carbonate and one and one-half 
grams of sodium carbonate in a platinum crucible. 
Transfer the fusion from the crucible to a porcelain 
dish, dissolve with water, and then carefully acidify 
with hydrochloric acid and evaporate to dryness, paying 
particular attention that the salts do not creep over the 
sides of the dish. 

Bake for about one hour at about 115 deg. C. When 
sufficiently dehydrated moisten with hydrochloric acid 
and add sufficient water, heat and filter. Catch this 
filtrate in an evaporating dish, and after giving the pre- 
cipitate several washings with hot dilute hydrochloric 
acid place dish on bath and evaporate again to dryness. 
Wash the precipitate just obtained with hot water and 
hot dilute hydrochloric acid, catching the washings in a 
beaker. When the solution in the dish has gone to dry- 
ness treat as before, and then filter, catching the filtrate 
in the beaker, which already contains the washings from 
the first evaporation. 

When precipitates have been washed sufficiently place 
them in a platinum crucible and ignite and weigh. 
When weight is constant treat the precipitate with a few 
drops of dilute sulphuric acid and several cubic centi- 
meters of hydrofluoric acid and volatilize the silica. 
Ignite and weigh the crucible and obtain the amount of 
SiO, in the sample. 


IRON AND ALUMINA 


The residue remaining in the crucible after the silica 
has been removed is fused with potassium bisulphate 
and the melt added to the main filtrate. This filtrate is 
then brought to a boil and the iron and alumina precipi- 
tated with ammonium hydroxide. These are filtered off 
and washed, after which the combined precipitates are 
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ignited in a platinum crucible and weighed. The oxides 
are then fused with potassium bisulphate, leached out 
with water, acidified with sulphuric acid and a strip of 
copper foil is placed in the solution, and this is then 
boiled for half hour to reduce the iron, after which the 
foil is removed and the iron titrated with permanganate 
of potassium. The iron is calculated to Fe.O, and its 
weight is deducted from the total weight of the com- 
bined oxides found in order to obtain the amount of 
ALO. 
LIME 


To the filtrate from the iron and alumina add several 
grams of ammonium chloride and about five cubic centi- 
meters of ammonium hydroxide and bring to a boil. To 
this boiling solution carefully add a hot saturated solu- 
tion of ammonium oxalate. When sufficient oxalate has 
been added to insure complete precipitation of the cal- 
cium, boil for about two hours and then filter, and wash 
the precipitate. If there is any appreciable amount of 
lime present redissolve this precipitate and reprecipi- 
tate, adding the filtrate from this second precipitation to 
the first main filtrate. When the precipitate is suffi- 
ciently washed dissolve it off the paper into the original 
beaker in which the precipitate was made with dilute 
(hot) sulphuric acid and titrate with N/10 potassium 
permanganate, and calculate the CaO. 


MAGNESIA 


The filtrate from the lime is completely cooled, after 
which ten cubic centimeters of a saturated solution of 
sodium ammonium phosphate are added; then add fifty 
cubic centimeters of ammonium hydroxide slowly, with 
constant stirring. Continue the stirring for about ten 
minutes, after which allow the solution to stand several 
hours, and preferably over night. 

After having stood a sufficient time filter and wash the 
precipitate with dilute ammonium hydroxide wash, place 
the paper in the original beaker in which the precipita- 
tion was made, spreading it out to facilitate drying and 
allow the paper to dry. When thoroughly dry dissolve 
the precipitate in an excess of decinormal sulphuric acid 
and titrate the excess of acid with decinormal sodium 
hydroxide solution, using methy! orange as an indicator. 
Calculate to MgO. ce of N/10 acid times 0.004 equals 
per cent MgO. 

ALKALIES 


These are preferably determined by the J. Lawrence 
Smith method, which will not need an explanation here. 


SODIUM SULPHATE 


Fuse one or two grams of the finely ground sample 
with sodium carbonate and potassium nitrate. Leach 
out melt with water, acidify with hydrochloric acid, re- 
move silica and precipitate the sulphates with barium 
chloride. Boil the precipitate of barium sulphate sev- 
eral hours, filter and wash and calculate to sodium sul- 
phate. 

SOLUBILITY TEST 


Boil ten grams of the coarser sample for one hour 
with 100 cubic centimeters of distilled water, in a flask 
fitted with a reflux condenser. Cool, add methyl orange 
and titrate with N/10 sulphuric acid and calculate the 
result to Na,O. 

Buffalo, N. Y¥ 





New Chemistry Building at University of Basel.— 
The beautiful new chemistry building at the University 
of Basel is fully described with drawings and photo- 
graphs in the Schweizerische Bauzeitung, March 31, 
1917. 
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The Production and Properties of Magnetite 


Electrodes* 
By M. De Kay Thompson and T. C. Atchison 


Magnetite electrodes were until recently extensive- 
ly used at Chuquicamata, Chile, as anodes in the elec- 
trolysis of acid copper sulphate solutions. Chemical- 
ly, they withstand the oxidizing effect of the current 
better than any other substance, but they have been 
practically given up on account of their extreme 
brittleness. “Duriron” has taken their place. 

The object of the following work was to see whether 
the chief fault in these electrodes, their brittleness, 
could not be improved. A rumor had reached us that 
this could be done by the addition of a small amount 
of copper oxide to the magnetite, though we were never 
able to trace it to its source. The plan was to try the 
addition of this and other oxides and also to vary the 
heat treatment and measure the toughness of the re- 
sulting electrodes. On account of lack of time we 
were able to carry out only a part of this work. 

These electrodes can doubtless be cast from fused 
magnetite, but this is difficult when working with 
small quantities. The following method was found 
very easy to carry out and to give a very good product: 

A 3.8 cm. hole was drilled to a depth of 16.5 cm. in 
a graphite rod 5.1 cm. in diameter and 30 cm. long. 
The whole electrode was held in a vertical position by 
firebricks with a copper holder at the bottom where 
electric connection was made. The other electrode 
consisted of an electric light carbon, 1.3 cm. in diam- 
eter and 30 cm. long. This was held by an iron stand 
mounted on two iron pipes as rollers so that it could 
be easily moved. In series with this furnace was a 
carbon plate rheostat, an ammeter, and the secondary 
of a transformer which supplied the heating current. 
The voltage measured at the transformer terminals 
was 60 and the current was about 200 amp. The 
electric-light carbon was then lowered into the boring 
in the graphite until its end touched the bottom, an 
arc was struck and ground magnetite was fed in. 
This fused in the are very rapidly and by watching 
the process through dark glasses it was easy to see 
when to add more magnetite. The boring was thus 
filled right up to the top and the electric light carbon 
was withdrawn gradually during the process. The 
first anodes were made without any attempt at an- 
nealing. When the upper end was nearly at the 
freezing point, there was always an evolution of some 
gas, causing a blow hole at that end. There were also 
occasional blow holes in other parts of the anode. 
There must have been some reduction to iron or to a 
lower oxide of iron, but it was so small in amount that 
it was not apparent. The fusion required about 30 
minutes. After cooling, the anode was drawn out of 
the graphite tube. If it did not come easily a centi- 
meter of the end of the tube was sawed off, so that 
the anode could be taken hold of, and so could easily 
be pulled out. 

Attempts were also made to make anodes by passing 
an alternating current through the graphite tube and 
heat this to a temperature sufficiently high to melt 
the magnetite contained in it. There were evidences 
of reduction of magnetite to iron, however, and so this 
method was given up. 

The method employed to test the brittleness of the 
anodes consisted in supporting them by two knife 
edges at the ends and applying a load at the center, 


*A paper read at the Detroit meeting of the American Electro- 
chemical Society, May, 1917. The authors express their thanks to 
Professors H. W. Hayward and C. E. Locke and to Messrs. 


Freeman Clarkson and George Sutherland, for assistance and 
advice in connection with this work. 
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gradually increasing it until the specimen broke. This 
load is a measure of the toughness or brittleness of 


the material. The greater the length and the smaller 
the diameter of the rod tested, the more reliable is the 
result. Accordingly an attempt was made to make 
anodes only 2.5 cm. in diameter. They broke so easily 
when handled that we returned to the original 3.9 
cm. diameter, but increased the length to from 24.1 
to 26.6 em. Allowing for an Air hole and con- 
sequent weakness at the end, this length admitted 
testing with a 17.8 cm. span. After some pre- 
liminary trials with a larger machine and the use of 
lead shot in a tin pail as load, a small Riehle testing 
machine, capable of measuring up to 9000 kg., was 
found satisfactory when the load was applied very 
slowly by moving the belt by hand. The loads at which 
the specimens broke varied from 9 to 159 kg. Even 
though the measurement of these small loads may not 
have been very accurate, it is thought to be well within 
the precision of other experimental factors, especially 
the variation in brittleness due to the varying rate of 
cooling and the lack of uniformity in structure. 

It was decided in this work to concentrate our at- 
tention to one oxide, and copper oxide was chosen. 
Specimens weighing from 1200 to 1300 gr., 3.8 cm. in 
diameter, and 25.4 cm. long were made from 99 per 
cent magnetite,’ and varying amounts of copper oxide. 
The loads at the breaking point when applied at the 
center of a 17.8 cm. span were measured and taken as 
a comparative test of their brittleness. The results 
are given in Table I and Fig. 1. 
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While these observations show great variations due 
to accidental causes, in the average values these are 
more or less eliminated, and there is an unmistakable 
decrease in the brittleness with increasing amounts of 
copper oxide. 

The effect of annealing was next tested. The graph- 
ite tube in which the electrode was made was placed 
in a vessel 25 cm. in diameter and packed with asbes- 


tos. Three specimens of 5 per cent copper oxide were 
made. The time required for cooling was about eight 
hours. They were tested exactly as in Table I and 


gave 105, 151 and 102 kg., average 119 kg., as the 
breaking load, or an increase of over 100 per cent in 
the strength over those of the same composition which 
were cooled quickly. From external appearances they 


’Obtained from Witherby, Sherman & Co., Fort Henry, N. Y 
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would have been considered to be of little value, for 
they were pitted with holes where the gas had escaped 
and the surface was rough. The cross section of the 
break was of a dull iron color in place of the usual 
crystalline structure. 

The next experiments were for the purpose of test- 
ing the copper oxide-magnetite mixtures as to their 
behavior when used as anodes. Three specimens of 
pure magnetite and three containing 5 per cent of cop- 
per oxide were placed in 10 per cent sulphuric acid 
and used as anodes, with strips of copper as cathodes. 
Each anode dipped 10.2 centimeters into the acid in 
a separate vessel. As the water was decreased by 
electrolysis and boiling it was replaced automatically 
by a siphon which kept the solution at a constant level 
and strength. All six cells were connected in series 
and 110 volts direct current were applied. The cur- 
rent was kept constant by a resistance in series. The 
current was about 4 amp. and the electrolysis lasted for 
100 hours. The anode current density was about 3 
amp. per square decimeter. The anodes were weighed 
before and after the electrolysis and the decrease in 
weight showed the degree of corrosion. Table II 
gives the results. 
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There is evidently also an improvement in the de- 
gree of anodic resistance to corrosion when 5 per cent 
copper oxide is added. The greater loss in the pure 
magnetite may be in part due to the greater heating 
of these anodes by the current, on account of their re- 
sistance being greater than that of the 5 per cent cop- 
per oxide mixture. 
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Synopsis of Recent Chemical and 
Metallurgical Literature 


Brass 


Influence of Arsenic on Brass.—At a meeting of 
the London Section of the Society of Chemical Industry 
on March 19 Mr. O. Smalley presented a comprehen- 
sive review of present information on the influence of 
arsenic on brass. His conclusions, as given in the 
Engineer, are as follows: (1) Arsenic embrittled all 
copper-zinc alloys, commercially known as brass, when 
it was present as free arsenide, which arsenide was a 
weak, brittle constituent, and, if present in sufficient 
quantities, completely enveloped each crystal grain, re- 
sulting in a crystalline mass, the grains of which were 
stronger than the junctions, acting as did antimony, 
bismuth, and other metals which formed definite inter- 
metallic compounds, whose presence was to produce in- 
tercrystallinity. (2) These films of arsenide did not 
affect the cold-working of « brasses to any appreciable 
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extent, owing to the ready accommodation of that class 
of brasses to plastic deformation without rupture. (3) 
Small quantities of arsenic—under 0.10 per cent—were 
beneficial to a brasses, no matter what their physical 
condition, due to the arsenic entering mainly into solid 
solution, the amount remaining as free arsenide being 
negligible when considered as a mechanical inclosure. 
(4) A complete recovery of the ductility of all essen- 
tially cold-working arsenical brasses, containing under 
0.5 per cent arsenic, was effected by coid-working and 
subsequent annealing, that treatment bringing about a 
complete solution of arsenide, which was beneficial to 
the quality of the brass when present in quantities not 
exceeding 0.20 per cent, while exceeding 0.20 per cent up 
to 0.5 per cent possessed the same physical properties as 
non-arsenical brass. Exceeding 0.5 per cent, the brass 
became intercrystalline, no matter what the physical con- 
dition of the arsenide, going to prove that the physical 
properties of arsenical « brasses containing under 0.5 
per -ent of arsenic were governed by the physical condi- 
tion of the brass, while, exceeding that amount, the per- 
centage of arsenic governed the physical properties, no 
matter what might be the physical condition of the 
alloy. (5) The temperature at which « phase brasses 
containing free arsenide would anneal was 30 to 50 deg. 
C. higher than that of pure non-arsenical brass, data 
not yet being to hand concerning the influence of arsenic 
on recrystallization when present in perfect solid solu- 
tion in the copper-zinc as a perfectly homogeneous alloy. 
(6) Arsenic, when present even in the most minute 
quantities, was detrimental to the physical properties 
of hot-worked brass, although it in no way affected the 
hot-working properties. (7) Arsenic did not assist in 
any structural inversions of the $8 constituents when 
cooled under normal conditions. 

At the same meeting Mr. Alfred Urwin, of the New- 
castle firm of Messrs. Urwin & Co., exhibited a very 
comprehensive collection of British-made scientific and 
laboratory glassware made by Messrs. Wood Bros., of 
Barnsley. It was claimed that the “ordinary quality” 
glassware shown was equal to the best Bohemian glass, 
and that the “highest resistant quality” was equal to, 
and in some respects superior to, the best Jena re- 
sistant glass. The exhibits included practically every 
description of glass used in chemical laboratories, and 
excited much interest on the part of the members, espe- 
cially in view of the trouble which was experienced in 
the earlier stages of the war in overcoming the difficul- 
ties resultant in the stoppage of supplies of foreign- 
made glassware for laboratory purposes. The chairman 
remarked that the glass shown was a great improvement 
on what had been exhibited previously. He expressed 
the hope that its manufacture would continue in this 
country, so that we should not need to go back to our 
purchase of foreign glass after the war. 


Melting Metals 


Melting of Non-Ferrous Metals.—In the Symposium 
on Non-Ferrous Metals held at the recent meeting of 
the Institute of Metals in London a paper was presented 
by Dr. Carl Hering of Philadelphia, Pa., U. S. A., on 
“Ideals and Limitations in the Melting of Non-Ferrous 
Metals.” An abstract of the paper is given in /ron and 
Coal Trades Review, March 30, 1917, from which the 
following data are taken: 

The purpose of the paper is to summarize some of the 
ideals and limitations in the melting of non-ferrous 
metals, which should be borne in mind in endeavoring 
to improve present methods. The directions to which 
perfection points are, to reduce (1) the loss of heat, (2) 
the loss of metal, (3) the number of bad castings, (4) 
the consumption of equipment (crucibles), and (5) the 
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cost of labor and plant per pound of good castings. As 
these are not all independent factors, economy may some- 
times result from increasing some if others are thereby 
much reduced; thus, increased plant cost may save 
more in labor cost, and increase in bad castings might 
even be warranted by the great saving of heat and labor 
due to working faster. ‘The best combination of these 
economies is, therefore, not always a simple matter to 
determine, and varies greatly with the local conditions. 
To obtain economy in heat, the ideal is not only to in- 
sulate as well as practicable, but also to heat and cast 
the metal in as short a time as practicable. From this 
standpoint the most perfect melting furnace is the elec- 
tric fuse, in which the intended result is completed in 
such an exceedingly short time that the heat losses 
during that time are vanishingly small. With fuel heat- 
ing too great a rapidity of heating involves higher 
chimney losses, hence a limit to the speed is soon 
reached. With electric arc heating there are high radia- 
tion losses from the arc, and from at least one, and some- 
times both, electrode tips, as the arc must necessarily 
be kept above the pool of metal. But, in heating the 
metal by its own resistance, the heat can be generated 
below the surface, in the metal itself, thereby eliminat- 
ing all heat transition losses. It is pointed out in the 
paper that the larger the amount of metal in a furnace 
the less the rate of heat loss per pound. In fixing the 
size the following points must be borne in mind: (a) 
When melting is the only object, the metal should be 
kept hot the shortest possible time, hence there should 
be used as small a furnace as is consistent with the 
amount of metal required for one casting. (b) When 
there is involved refining, mixing, uniformity of alloy- 
ing, the taking of specimens for analysis while melted, 
or any other operation requiring time, then the larger 
the furnace the better. At the writer’s suggestion a 
large foundry which casts wire bars is now melting tons 
of metal in a small electric furnace only large enough to 
hold a little more metal than for one bar. 

As regards the shape, an approximate hemisphere is 
the nearest practical approach to the ideal for a fur- 
nace hearth. While the thickness of the insulation is 
of importance, the outside surface seems to be a more 
important factor than is generally supposed. White- 
washing, covering the outside with superimposed layers 
of thin sheet-iron, heating the outside of the furnace 
with a cheap fuel, were mentioned in this connection. 
Water-cooling must sometimes be resorted to, however, 
to guard against over-insulation and protect the walls 
from overheating. 

Superheating of the metal is one of the important 
‘auses of waste of heat, and, with zinc alloys, there is, in 
addition, the loss in volatilization. Often superheating 
s merely done to supply the heat lost in transit from 
the furnace to the molds, mounting them on a sort of 
arrousel. 

With a small high-speed electric furnace it would 
ot be impracticable to bring the furnace to the sand 
nolds. Heating the molds, especially when made of 
metal, also saves some heat, as it then costs less for 

eat than if it be supplied at high temperature from 
the superheat in the molten metal. Superheating may 
ometimes be done more economically by heating the 
tream of metal while it is being poured out of the fur- 

ace into the molds. This might be done by powerful 
last flames along a prolonged channel, or electrically 

v causing the metal to flow through a carbon or graph- 
te tube heated by resistance, or by passing a large, low- 
voltage electric current directly through the flowing 
‘tream. Superheating is sometimes resorted to for re- 
ining purposes; by making the metal very fluid the im- 
purities will rise into the slag or dross. It is an 
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expensive way, but may sometimes be the simplest 
method. In a certain type of electric furnace this kind 
of refining is accomplished very rapidly and thoroughly 
by a peculiar, strong, upward circulation of the fluid 
metal, produced electromagnetically. Ingots cast from 
scrap metal cleansed in this way are preferred by those 
who remelt them for castings. The dirtiest old scrap 
metal refined’ by this “electric boiling’ casts into clean 
ingots with a fine fracture. Melting in a partial vacuum, 
in some types of electric furnaces, may also tend to pro- 
duce some refining, as it draws out suspended gases and 
may reduce the boiling points of some of the impurities 
enough to eliminate them by volatilization; but for 
brasses this would greatly increase the loss of zinc by 
volatilization. The losses of zinc in brass could be re- 
duced in several ways: (1) By reducing the amount of 
superheat. (2) By heating only from the bottom so that 
the volatilized zinc condenses again in the cooler upper 
layer. (3) By heating under pressure, a method which 
is possible only in specially constructed electric furnaces. 
If a curve be drawn showing the costs of producing at 
various temperatures by means of combustion heat, it 
will be found that the cost rises slowly at first for the 
lower temperatures, but very rapidly for the higher ones, 
such as those required in the refining of steel. Too great 
a draft may supply more air than the fire can heat. With 
electric heat, however, the corresponding curve is very 
different, being more nearly a straight inclined line and 
up to temperatures about double the maximum obtain- 
able by combustion. For the lower temperatures the 
cost is greater, but for the higher ones it is less. The 
two curves intersect, hence the cheapest method is to 
generate the low-temperature heat (up to this point of 
intersection) by means of fuel, and the higher tempera- 
tures electrically. In practice this means preheating the 
cold metal with fuel heat, say up to, but not above, the 
point where rapid oxidation takes place, and then melt- 
ing and superheating the preheated metal electrically. 


Dyestuffs 


Society of Dyers and Colorists.—An account of the 
annual meeting of the Society of Dyers and Colorists 
which was held in Manchester, England, on March 30 is 
given in The Chemical Trade Journal and Chemical En- 
gineer for April 7. In the course of his presidential 
address, which was devoted to the subject of patent-law 
reform, Dr. Alfred Rée, who was re-elected president, 
said that the number of well-trained chemists in this 
country was only one-fortieth of the number in Ger- 
many and one-fiftieth of the number in Switzerland. 
There was sufficient cause for dissatisfaction, because 
there could be no doubt that England should be better 
off industrially if the numbers were very largely in- 
creased. He did not suggest following Germany abso- 
lutely in this matter. What was good for her or for 
Switzerland was not necessarily good for England or for 
France. It was high time, however, that the old preju- 
dice against the study of chemistry should be overcome. 
Much could be done by improving the remuneration of 
the well-trained chemist, though that was enormously 
better than it was a few years ago. The study of chem- 
istry ought, he submitted, to be quite separate from that 
of the pharmacist. Without in any way decrying the 
latter, a well-trained chemist required a far longer and 
more thorough training and education, and some means 
should be found whereby the difference between them 
should be definitely established, as it was in other coun- 
tries, 

Our patent laws have been a serious deterrent to the 
development of the chemical industry. He had no hesita- 
tion in saying that their influence for evil had been far 
greater than could be realized except on a rather ex- 
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haustive examination of the whole question. Had there 
been no patent laws at all with regard to chemical proc- 
esses and products, the progress in the British color and 
allied industries would have been quite satisfactory in 
the last forty years. To the bad effect on industry of 
the patent laws generally there was the further one with 
regard to the compulsory working of patents in England, 
especially foreign ones. Proposals for the compulsory 
working of patents, granted to persons who might after- 
wards work or manufacture the articles outside the 
United Kingdom, emanated from the Manchester Cham- 
ber of Commerce. Had the warnings of the Chamber 
been heeded years ago the position to-day and since the 
outbreak of the war would have been very different. 
Not only would the aniline color industry have been 
established on a firm and adequate scale, but the same 
statement would have applied to a number of other 
chemical industries with which high explosives were so 
intimately associated. It was, indeed, deplorable to 
what a serious extent the interests of the British chem- 
ical industry had been mishandled from a legislative 
point of view before the war. At the close of his presi- 
dential address, Dr. Rée presented the Perkin Medal of 
the Society to Prof. Arthur G. Green, formerly head of 
the Tinctorial Chemistry Department of the Leeds Uni- 
versity, and now director of the Coal Tar Chemistry 
Research Department of the Manchester School of Tech- 
nology, in recognition of his valuable researches in dye- 
stuff chemistry, and particularly for his discovery of 
primuline in 1887. This makes the fourth award of the 
medal, which was instituted by the society in commem- 
oration of the late Sir William Perkin. It is awarded 


triennially for investigations, discoveries and inventions 
of high scientific or industrial importance, and the first 
award was made in 1908 to Professors Carl Graehe and 
C. Liebermann for their discovery of the artificial pro- 


duction of alizarine. The second award was made in 
1911, to Prof. Adolph von Baeyer, for his pioneer work 
in the synthetic production of indigo; and the third, 
in 1914, to Count Hilaire de Chardonnet, the inventor 
of artificial silk. 

Alloys 


Alloys of Chromium, Copper and Nickel.—The grow- 
ing interest in special acid resisting allows and the many 
uses found for them have stimulated both the search 
for efficient materials of this nature and the study of the 
causes underlying their inertness. As a result of previ- 
ous studies at the University of Illinois it has been 
shown that the almost perfect insolubility of certain 
alloys in nitric and other acids seems to be conditioned 
upon a proper mixture of chromium, copper, and nickel, 
together with smaller quantities of such added metals as 
tungsten or molybdenum. The University of Illinois 
Engineering Experiment Station has just completed a 
preliminary systematic study of the alloys of chromium, 
copper and nickel, and their properties. The work has 
been under the direction of Dr. D. F. McFarland, As- 
sistant Professor of Applied Chemistry, and Dr. O. E. 
Harder, Fellow in Chemistry. The results are published 
in Bulletin No. 93 of the Experiment Station, just 
issued. A summary of the results and conclusions de- 
rived follows: 

(a) Methods have been developed for making cast- 
ings of alloys of chromium, copper, and nickel; and 
twenty-one binary and thirty ternary alloys have been 
prepared. From this part of the work the following 
conditions have been drawn: 

(1) Castings of chromium and copper containing as 
much as 13 per cent of chromium can be prepared by 
melting and pouring the metals at about 1600 deg. C. 

(2) Chromium-copper alloys containing 6.08 per 
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cent or more of chromium show a separation of chrom- 
ium or of a chromium-rich constituent, if they are 
cooled slowly. 

(3) If equal weights of chromium and copper are 
heated together to a temperature well above the melt- 
ing point of chromium and slowly cooled, the alloy is 
not homogeneous, but consists of two layers; the lower 
rich in copper, and the upper rich in chromium. 

(4) The addition of nickel to alloys of chromium and 
copper tends to prevent the separation of the chromium 
or chromium-rich constituent; when the amount of 
nickel is more than three times the amount of copper 
present, the alloys become practically homogeneous. 

(6) Physical and mechanical tests have been made 
with the following results: 

(1) The specific gravity at 25 deg. C. of the alloys 
tested varies from 8.92 to 7.89 and decreases with an 
increase of chromium. 

(2) The Brinell hardness number varies from that of 
pure copper to that of tool steel and increases with an 
increase of chromium. 

(3) The modulus of elasticity of the sixteen alloys 
tested varies from less than 15,000,000 to more than 
40,000,000 Ib. per square inch. Generally it increases 
with an increase of chromium. 

(4) The ultimate tensile strength of the eighteen 
alloys tested varies from less than 10,000 to more than 
50,000 lb. per square inch. 

(5) The reductions and elongations are small in all 
cases. 

(6) The stress-deformation curves are similar to 
those of cast iron. 

(ce) More than three hundred corrosion tests have been 
made. Results show that: 

(1) The amount of corrosion is not proportional to 
the strength of the acid or base. 

(2) A triangular system of plotting shows certain 
fairly well-defined areas which are highly resistant to 
corrosion. 

(3) Not only the alloys in the region approximating 
the composition of the alloy developed by Professor Parr 
are highly non-corrodible, but others have shown equally 
good resistance to corrosion. In general the ternary 
alloys are less corroded than the binary, though there 
are some exceptions. 

(d) An attempt has been made to find some relation 
between the relative electromotive forces obtained by 
placing the alloys in contact with 4 Normal sodium 
chloride solution and their relative resistance to corro 
sion, but no such relation has been found from the 
experimental data obtained. 

(e) A microscopic study of the alloys has been made 
and the following agreements with earlier investiga- 
tors have been found: 

(1) The results agree with Voss’ conclusions that 
chromium and nickel form a series of solid solutions 
(mixed crystals) over the range of 100 to 50 per cent 
of nickel and that they form a eutectic, or, as Guertle: 
called it, a pseudoeutectic, containing about 42 per cent 
of nickel. 

(2) The results on the copper nickel series agre« 
with those of Guertler and Tammann in showing a con 
tinuous series of solid solutions. 

(3) All nickel-rich alloys, both binary and ternary 
show well-defined polyhedral crystals. 

(f) In general the results indicate that the alloy: 
of chromium-copper-nickel which show possibilities 0! 
becoming of commercial importance are limited to cer 
tain rather well-defined ranges of composition. In Fig 
1 in the bulletin is shown what seems to be the most 
promising field for future investigation. In the nickel 
rich corner of the diagram the alloys have very large 
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polyhedral crystals and a coarse texture, and have 
usually developed blow-holes in casting. There is a 
possibility that the texture can be improved by the addi- 
tion of a fourth metal as Professor Parr has done by 
the use of tungsten or molybdenum. The alloys con- 
taining large percentages of chromium have such high 
melting points and are so hard to prepare that, unless 
they find special and important applications, there is 
little chance of their being used commercially. Alloys 
containing large percentages of copper with chromium 
show such a marked segregation that they do not ma- 
chine well and their mechanical properties are poor. 
The region which promises best from the mechanical 
and physical standpoint is also, as a general rule, highly 
resistant to corrosfon in the various solutions tested. 


Fertilizers 


Artificial Fertilizers.—In an article on this subject 
in the Journal of the Society of Chemical Industry for 
March 15, 1917, A. R. LING gives a review of the present 
use and future prospects of artificial fertilizers through- 
out the world. He first takes up a discussion of the 
phosphate fertilizers and points out that while the 
world’s production of superphosphate increased from 
5,130,900 metric tons in 1903 to 9,604,260 metric tons in 
1910, and has increased further since that time, it has 
not nearly reached its limit as yet. There is great 
need for superphosphate in the British Empire, espe- 
cially in Australia and South Africa; Canada will also 
probably need it in the future, although not using any 
now. Russia and Roumania will also need large quan- 
tities. The United States produced in 1910 over one- 
third the total production. In discussing basic slag, the 
author points out its value for grass land and states that 
outside of Europe it is not in use. In the United States 
it is not made as the open-hearth process in use here 
gives an acid phosphate slag, part of which is used for 
various purposes, but a large part of which goes to 
waste. ._The question of how much artificial fertilizer 
can be used per acre is of great importance to the manu- 
facturer, as it gives him information as to the extent of 
the demand that might be created. The following table, 
prepared by the author, shows the amounts used per 
acre in different countries. Belgium is shown to be the 
most intensively cultivated, with the United States 
standing higher than is generally believed: 


Torat Amounts or Artirriciat Ferriuzers Usep in rae Dirrerent Acrrt- 
CULTURAL COUNTRIES OF THE WorRLD 


Grovrp I Grove Il 

















Metric Metric 
Quintals Cwt Quintals Cwt. 
per per per per 
Hectare Acre Hectare Acre 
Belgium 2.74 2.18 Netherlands. 1.96 1. 56 
St. Maurice 2.19 1.75 Germany... 1.68 1.34 
Luxemburg. 2.02 1.61 
Grovp Ill Grovre IV 
Metric Metric 
Quintals Cwt | Quintals Cwt. 
per per | per per 
Hectare Acre Hectare Acre 
United Kingdom) 0.7-0.9 0.6-0.7 Sweden..... 0.53 0.42 
U.8. @)...... 0.87 0.70 Ireland....... 0.44-0.50 0.35-0.40 
Switzerland. ... 0.60 0.48 /\Japan........ .48 0.38 
France....... 0.57 0.46 Portugal... .. 0.36 0.29 
isn od 6S be .57 0.46 S. Africa. .... 0.29 0.23 
Denmark...... 0.57 0.46 Norway...... 0.29 0.23 
ustralia....... .55 0.44 Amstrie. . . 2+ | 0.29 0.23 
See 0.14 0.11 
N. Zealand 0.13 0.10 
Hungary 0.08 





METALLURGICAL AND CHEMICAL ENGINEERING 





609 


Recent Metallurgical and Chemical Patents 
Iron and Steel 


Duplex Steel Process.—A duplex steel process which 
has for its object the prevention of breaking and crack- 
ing of the ingot surfaces during rolling is patented by 
FRANK D. CARNEY and LEwis B. LINDEMUTH, of Bethle- 
hem, Pa. The steel is first treated in the Bessemer con- 
verter and then in a basic lined open hearth. During 
the whole of the refining process a slag is carried in the 
basic open-hearth furnace with a sufficient content of 
manganese oxide, so that manganese may be reduced 
from the slag and enter the metal. The metal will con- 
tain 0.20 per cent and over of manganese. To obtain 
this condition the slag in the basic open hearth must 
contain not less than 10.0 per cent of manganese oxide. 
In the duplex process, manganese in the pig iron 
charged into the Bessemer converter, is eliminated early 
in the blow, except with ores containing 3 to 5 per cent 
manganese, which are not common except in Sweden and 
Norway. The charge then of blown metal to the open- 
hearth furnace will contain from a trace to 0.05 manga- 
nese. By then adding ferromanganese or manganese 
ore in sufficient quantity the conditions above men- 
tioned can be obtained. It is claimed that this method 
prevents the absorption of iron oxide by the steel which 
destroys, to some extent, the good rolling qualities of 
ingots cast from it. (1,223,030, Apr. 17, 1917.) 


Tanning 


Electrotanning.—A process of electrotanning is pat- 
ented by LORENTZ A. GROTH of London, England. Hides 
or skins are treated according to this process in a unit 
of six separate tan-pits arranged in line, the treatment 
lasting for one week in each tank. The complete treat- 
ment takes six weeks. Different tanning solutions and 
different current densities are used in the various tanks, 
the nature of which are not mentioned. It is stated that 
the tanks contain aqueous solutions of the ordinary 
ingredients used in the various processes prior to, and 
during the tannage. An agitating mechanism is used 
which agitates the hides horizontally and does not expose 
them to the injurious action of the oxygen of the air. 
The following claims are made for the process: 

“Observations during many years of research and 
costly experiments, not merely in the laboratory, but 
more often upon a commercial basis with packs of hides, 
and skins, necessitating also the consideration, even of 
the smallest detail, as all of them offered difficulties 
of more or less severe nature, have enabled me to simpli- 
fy my former system of electrotanning by dispensing 
with all the usual lime-pits, color pits, handlers, and 
layers, using only a small number of suspender pits, 
with a few soaks admitting of any blend or mixture 
of tanning material being employed, with a finishing 
strength of about one-tenth of that generally used, and 
equally applicable to all kinds of leathers; for vege- 
table or mineral tannages, or for a combination of both, 
resulting in the reduction of the time of tannage to one- 
sixteenth; the working capital by 80 per cent., and 
the cost of production by 50 per cent, while the quality 
of the leather is unsurpassed by reason of its uniform 
tannage: and as the tanning process is almost automatic 
in its working, great economic results are obtained.” 
(1,222,861, Apr. 17, 1917.) 


Aluminium Carbide 


Manufacture of Aluminium Carbide.—A process 
for the production of aluminium carbide by heating 
alumina with the necessary carbon in an electric fur- 
nace is patented by MAURICE BARNETT and LOUIS 
BuRGESS of New York City. Alumina, or an oxygenated 
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CARBIDE FURNACE 


FIG. 1 


SECTION OF ALUMINIUM 
ore of aluminium is crushed to about eight mesh, and 
mixed with carbon (which may consist of petroleum 
coke) of the same fineness, in the proportion of two 
parts of alumina to one part of carbon. Petroleum 
residues from the distillation of petroleum with alum- 
inium chloride may be used. These residues contain 
alumina or aluminium chloride, probably in combination 
with asphaltic matter. The aluminium chloride may be 
decomposed by treating the residues with water and heat- 
ing, which has the effect of hydrolyzing the aluminium 
chloride with the production of hydrochloric acid and 
alumina. By calcining the mass a residue may be ob- 
tained useful in the production of aluminium carbide, 
after suitable additions are made to bring the alumina 
and carbon to the proper proportions. After mixing 
the charge it is placed in an electric furnace such as 
shown in Fig. 1. The charge is shown at 18a, and 
reaches up to or slightly below the level of the bottom 
of the electrodes. A carbon core 19a, is then placed 
between the electrodes, and the furnace then filled to the 
top with the charge. The charge is brought to a tempera- 
ture of 2000 deg. C., when aluminium carbide will be 
formed. This point can be told by the appearance of a 
blue flame of carbon monoxide, over the surface of the 
charge. The current strength can be successively in- 
creased up to this point. If the current is too strong, 
however, there will be an immediate volatilization of 
metallic aluminium, which will burn in the air with a 
bright flame, giving off clouds of aluminium oxide. 
When the operation is finished the charge is cooled and 
broken up, and the aluminium carbide will be found in 
compact masses through the charge. (1,222,593, April 
17, 1917.) 


Oxygen and Hydrogen 


Generation of Oxygen and Hydrogen.—L&o PAUL 
SEBILLE of Providence, R. I., patents a method of gen- 
erating and storing oxygen and hydrogen gas which is 
stated to do away with gasometers and compressors. 
The usual oxygen and hydrogen generating apparatus 
is provided with a gasometer for receiving the gas as 
generated from the electrodes, and compressors are em- 
ployed for receiving the gas from these gasometers and 
placing the same under the desired pressure in suitable 
storage tanks. In this apparatus the usual electrolytic 
gas generator is employed, and the oxygen and hydro- 
gen are conducted to separate float valves, and from 
these valves to pressure storage tanks. The float valves 
work automatically and equalize the pressure in the cell 
in both oxygen and hydrogen compartments. The 
pressure in the cells sometimes becomes higher on the 
oxygen side than on the hydrogen side or vice versa, 
thereby blowing out the sealing liquid electrolyte and 
permitting the two gases to mix which may cause an ex- 
plosion. With the use of these float valves this condi- 
tion is claimed to be obviated. (1,222,809, April 17, 
1917.) 

Treatment of Liquids 

Electrical Liquid Treatment.—A process of treating 

liquids, sewage, etc., for the removal of incrustating 
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salts, for softening, or for removal of colloidal or sus- 
pended matter is patented by C. P. LANDRETH of Phila- 
delphia, Pa. Incrustating salts such as soluble salts of 
calcium, magnesium, etc., are removed by adding scdium 
carbonate, calcium hydroxide, barium hydroxide, sodium 
hydroxide, or potassium hydroxide and passing electric 
current through the liquid, before, during, or after 
these additions. The current is stated to stimulate the 
precipitation of insoluble salts of calcium, magnesium, 
etc. A soluble hydroxide is used to remove “temporary 
hardness” and a soluble carbonate to remove “permanent 
hardness.” Finely divided suspended matter such as 
in sewage is removed by adding aikali hydrate and pass- 
ing current through. (1,222,637, April 17, 1917.) 


An Improved Wood Tank for Chemical 
Plants 


The alkaline or acidic solutions used in practically 
all the industries where plant processes are based on 
chemical engineering require containers that combine 
strength, economy of space required, and material that 
withstands the action of the particular chemical or solu- 
tion in question. 

Of course, in some cases glass enameled or sheet metal 
or cast tanks are absolutely necessary, but in a majority 
of instances it is found that properly made wood tanks 
of selected material will answer the purpose just as 
well and at a great saving in cost and maintenance. 

The Hauser-Stander Tank Company, of Cincinnati, 
Ohio, one of the first and most successful manufacturers 


























PERSPECTIVE VIEW OF WOODEN TANK 


of wood chemical tanks, uses some interesting construc- 
tion features, especially in “square” tanks. Each square 
or rectangular tank is braced with a longitudinal iron 
truss-rod on each side which not only effectively pre- 
vents any warping or giving of the tank sides, but takes 
up practically no additional space—a valuable considera- 
tion in a chemical plant. 

By means of vertical metal rods through the side and 
end boards with nuts for tightening, it is an easy mat- 
ter to make the tanks tight after being empty for a time. 
The particular feature is that the nuts are at the bottom, 
with the rods running through the wood, while the 
tops of the rods are countersunk, as shown, and the 
hole tightly plugged with a compressed wood plug, so 
that the liquid cannot reach and corrode the rods. 
Malleable washers are used where the rods have pur- 
chase on the wood. Another feature is the hardwood 
top piece on all four sides of the tank, thus giving 
greater wear where it is needed. 
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Production of Hydrogen by the Iron 
Contact Method 
By Harry L. Barnitz, Ph.G. 


(Copyright, 1917, by Harry L. Barnitz) 


One of the methods that has found favor in recent 
years for the production of hydrogen in installations 
of large commercial capacity is the so-called “iron con- 
tact method.” 

The generating elements employed by this method are 
coke and water, and through them hydrogen can be 
produced of almost ‘“‘chemical purity,” i.e., of a purer 
grade than by many other technical processes for large 
production excepting electrolytical. 

The iron contact method is cyclic with respect to the 
“iron contact mass”; that is, this iron contact mass is 
used over and over again. If red hot iron is sprayed 
with a jet of steam, the iron is oxidized and forms iron 
oxide, while hydrogen is liberated. If the iron oxide 
thus produced is treated with reducing gases, such as 
generator gas, water gas or illuminating gas, the iron 
oxide is reconverted into sponge iron. 

All these reducing gases consist chiefly of a mixture 
in varying quantities of carbonic oxide, hydrogen and 
hydrecarbons. 

i instance, the commonly emploved water gas, 
which is easily produced by means of coke and steam in 
producers of large working capacity (say up to 100 
cubic meters per hour), gives a theoretical mixture of 50 
per cent CO and 50 per cent H. In practice, however, 
this gas always contains large quantities of impurities, 
emanating from the coke during the process of genera- 
tion, averaging about 6 per cent N, 4 per cent CO and 
2-3 per cent hydrocarbons and sulphides. 

The reactions used in the iron contact process may be 
represented by the following formule: 


(1) Oxidation: Fe + H.O FeO —- H.. 


(2) Reduction: 2FeO + H, + CO = 2Fe + H,O 


It will be observed that equation (2) is exactly the 
reverse of equation (1) at least as far as steam is con- 
cerned. 

The reaction takes place at the surface of the “con- 
tact mass.” Only where the fresh gases enter, a power- 
ful and far-reaching reaction generally takes place, 
while the reaction generally decreases in intensity in the 
direction of the outlet of the gas. 

Compact iron, such as waste or filings, is little suited 
as contact substance for the process, but iron oxide, 
either artificial or natural, e.g., iron oxide clay briquettes 
or iron ore, are eminently suitable. All these sub- 
stances become more or less porous during the reducing 
process, 

Theoretically speaking, the contact mass could be used 

ver and over again indefinitely in accordance with the 
before mentioned formule so that an unlimited quantity 
of hydrogen could be produced by means of a limited 
uantity of contact mass. 

In practice, however, a limit is placed to the life of 

the contact mass by the fact that as it is only the sur- 
ace of the latter that is being acted on, the substance 
rradually becomes impregnated by the dust, silicic acid 
nd sulphides liberated by the gases. These impurities 
orm a layer on the surface diminishing the reacting 
apacity, so that the yield of hydrogen is gradually 
wered and other disadvantageous combinations take 
lace, 

It is necessary, therefore, to renew the contact mass 
periodically, say after the plant has been in operation 
for from 8 to 30 days. 
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The principal difficulty with the iron contact method 
arises from the fact that a considerable amount of heat 
is absorbed during the various stages of the process by 
the chemical reaction. It is therefore not easy to keep 
the contact mass at a correct temperature without over- 
heating. 

If overheated the contact mass loses its porosity, 
cakes and even melts. This renders the replacing of the 
contact mass difficult or even impossible. The action of 
the gases becomes defective and the yield of hydrogen 
falls considerably, as channels and cavities are formed 
which can no longer be acted upon regularly by the gas 
and steam. 

As the iron contact method is very old, all kinds of 
suggestions have been made in the course of time in 
connection with the practical method of dealing with 
this process. 

A voluminous mass of patent literature on this sub 
ject is in existence. Only the most important of these 
patents, most of which have long ago expired, are here 
passed under review. 

Giffard, who made the method public in 1878, may be 
considered the discoverer of the method. He employed 
a shaft filled with ore which he heated and reduced by 
means of gases coming from a producer connected with 
the shaft and which passed through a dust chamber, in 
order to remove the particles of dust introduced during 
the operation. The defect of this system was that the 
ore was easily contaminated by the impurities con- 
tained in the gases and that a sufficiently high tempera- 
ture could not be maintained. 

In 1889 Claus (English Patent No. 50) published a 
method for the production of hydrogen in a shaft fur- 
nace. He too employed “porous though solid blocks of 
iron oxide” which he alternately reduced with water 
gas and oxidized by means of superheated steam. 

Walker’s English patent 8373, dated 1890, describes 
the operation of the contact method in iron retorts, 
which were heated in a retort furnace from the outside. 
He employed water gas for the reduction. 

In 1892, the firm of Krupp published various im- 
provements of the process (D. R. P. No. 73,978) which, 
however, did not produce satisfactory results and were 
ultimately rejected. 

Iron ores were employed in heated shafts or retorts 
and attention was drawn to the importance of employ- 
ing reducing gases as rich as possibie in hydrogen with 
a minimum of hydrocarbon. 

Stracke returned in 1893 to the Giffard shaft fur- 
naces (German Patent No. 77.350) and filled a shaft fur- 
nace with layers of “iron, iron oxide and ore in any 
form,” heating and reducing the whole by heated gen- 
erator gas or water gas which he introduced through 
the ore from the generator. He used charcoal in the 
generator in order to avoid the formation of sulphur 
compounds while producing exceptionally pure gas. The 
waste gases formed during the process of reduction 
were completely consumed in a superheater with fire- 
proof cage-work which served to raise to a high tem- 
perature the steam used in producing the hydrogen. 
Here too the heating was insufficient. 

Schimming took out a German patent No. 95,071 for 
the preliminary heating of the reducing gases which he 
achieved by blowing air into the reducing shaft in order 
to cause combustion of a portion of the reducing gas. 
This method had the grave defect of overheating and 
melting the ore at the entrance, while the ore further 
away was not sufficiently heated. He tried to remedy 
this defect by mixing pieces of fire brick with the con- 
tact mass in order that the former might retain a por- 
tion of the heat, but the system involved serious draw- 
backs. 
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Caro in German patent 249,269 tried to overcome the 
want of uniformity in tne heating by introducing air to 
the ore mass at various points during the reducing 
process. It is evident that under this system the re- 
ducing capacity of the gases was seriously affected, so 
that the yield of hydrogen was altogether too low. 

Lewis's English patents 4134 and 20,752, dated 1890 
and 1891, once more describe the iron contact method in 
detail. He proposed to lay a retort with iron contact 
mass directly through a water gas generator, which was 
technically hopeless owing to the consequent overheat- 
ing. He proposed for the first time to employ porous 
briquettes made of iron oxide and clay or asbestos and 
then pressed and burned. He employed water gas for 
reducing, justly pointing out that the use of such gas 
rich in hydrogen greatly accelerated the process of re- 
duction. 

Hills describes in his English patent 10,356, dated 
1903, the production of hydrogen by the iron contact 
method which he proposes to carry out in iron retorts. 
Unimportant improvements in the apparatus employed in 
the already well known process were patented by him. 
He used water gas for the reducing process. 

Elworthy, in German patent 64,721, dated 1905, dis- 
cusses the contact method exhaustively. He notes as 
the chief defects the tendency of the mass to melt and 
the choking of the retorts. He proposes to overcome 
this difficulty by using furnaces in which the spongy 
iron is contained in specially constructed fireclay 
holders. The use of iron in lumps of varying size is 
taken for granted. By “iron” he always means spongy 
iron produced by reduction from iron oxide or iron ore, 
as, he explicitly states in his English patent 12,461, 
dated 1902, he employs water gas for the reducing 
process. 

Lane repeatedly constructed installations in Russia, 
France and England about 12 to 14 years ago on the 
iron contact method. He used chiefly briquettes similar 
to those suggested by Lewes, made of iron oxide and 
clay which were reduced by water gas in iron retorts, in 
large iron retort furnaces. The installations proved, 
however, to be of inferior working capacity as in the 
case of the proposals made by Walker (1890) and Hills 
(1903) and were nowhere a success. 

The International Hydrogen Company whose shares 
are held by the Berlin Anhalt Machine Construction 
Company of Berlin, thereupon “discovered” the identical 
method for the hundredth time. The result was the 
same as in all other previous cases. 

The inevitable difficulty of the retort system lies in 
the fact that the retorts are destroyed by fire after be- 
ing a short time in operation (about six weeks) besides 
being choked by the ore. 

In a large installation now in operation every charge 
for the 32 retorts for two furnaces with a capacity of 
100 cubic meters costs about $3,000. 

As these retorts produce 100,000 cubic meters before 
being rendered useless by fire, one cubic meter of hydro- 
gen costs for the replacing of retorts alone $3,000 — 
100,000 3 cents. Apart from the high cost of produc- 
tion involved in the production of hydrogen by the 
retort method, other drawbacks, such as continuous re- 
pairs, loss of hydrogen by waste, interruption of oper- 
ating plant, excessive, unbearable heat, and early de- 
struction of the furnaces are so serious that the system 
is not to be recommended. 

The mere fact of the imperfect preparedness for op- 
eration makes it unsuitable for airship purposes, as the 
furnaces have to be heated gradually for several days 
before they begin to produce gas. The heating of the 
retort furnaces entails the use of a special system of coke 
firing, built in the retort furnaces, and involves the use 
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of a considerable amount of coke (about 1200 to 1500 
kilos per furnace daily). 

The oldest system employed by Giffard, already re- 
ferred to, undoubtedly possessed important advantages 
over this system, but the difficulty of heating was a 
very serious one as is shown by the above mentioned ex- 
tracts from the patent literature on the subject. 

Recently, however, after exhaustive experiments, 
many of the difficulties connected with the rational car- 
rying out of the iron contact method in large industrial 
plants have been to a great extent overcome by the ver- 
tical cylinder process and installations. 

The method has now been so much improved by the 
application of entirely new principles that it meets to 
a certain extent the requirements of a process adapted 
to large installations, such as rapidity in getting the 
plant into working order, more certainty of operation, 
and simplicity. The vertical cylinder generator is dis- 
tinguished by separate heating and contact chambers 
communicating with each other. The former serve for 
the uniform heating of the contact mass, as well as for 
the super-heating of the steam. The heating takes place 
at intervals, yet it is continuous, because when the heat- 
ing is discontinued, the super-heating maintains the 
temperature of the contact chamber by its radiation and 
continues to heat the contact mass. 

The application of this principle explains the high 
generating capacity of this type of generators. 

Owing to the separate chambers, the vertical cylinder 
generators may further be heated directly by the still 
combustible waste gases liberated during the reducing 
process. They require therefore no expenditure for 
heating material or special heat generators with work- 
men in attendance, as they are self-heating. This gives 
some advantage of an economy hitherto unattained. 
Losses of hydrogen, such as are inevitable by the retort 
process, are avoided by the use of the vertical cylinder 
type of generators, as no glowing particles of iron 
peel off the exterior of the apparatus, under pressure, 
owing to the generator being lined with fireclay. 

Necessary repairs can be executed in a few hours 
without any lengthy interruption of work, as the inner 
parts can be easily withdrawn and replaced by a block 
and pulley arrangement. Any kind of reducing gas may 
be used in the vertical cylinder system of generators but 
it is best to employ water gas or half water gas. 

A special arrangement further renders it possible to 
heat the contact mass, both directly and indirectly dur- 
ing the reducing process by means of which uniform 
heating is secured. 

Many of the defects incident to former installations 
are avoided in the vertical cylinder system by replacing 
the contact mass in comparatively narrow circular layers 
which also secures uniform heating, reduction and oxida- 
tion by the corresponding streams of gas. 

Giffard suggested ore as a contact mass. When prop- 
erly treated, specular iron ore, red hematite and iron 
oxide hydrates have generally been found suitable. The 
use of purple ore was protected by patent 220,889 and 
that of sparry iron ore by patent 241,669 (dated 1911). 
The former has the disadvantage of containing too much 
sulphur and cakes easily, while the latter often melts too 
easily. 

Their use, therefore, offers no advantages. As 
a rule briquettes act too slowly owing to their defective 
porosity. 

According to German patent 244,732 taken out by the 
International Hydrogen Company, spongy iron free 
from carbon can only be produced by reduction and out 
of it pure hydrogen, when instead of the usual water 
gas, a gas consisting chiefly of hydrogen, but absolutely 
free from hydrocarbons, is employed. 
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In practice this assertion has not been found to be 
warranted. Besides, the fact is unimportant, as there 
exists no practical methods of producing such a gas. 

The Badische Aniline & Soda Manufacturing Com- 
pany has even admitted in a recently announced patent 
that spongy iron produced by a reduction from iron ore 
by means of coal in Sweden for smelting purposes is 
suitable for the preparation of hydrogen. 

Experts have long been aware that the maintenance of 
a proper temperature is indispensable for the production 
of spongy iron free from carbon. If this is done, any 
reducing gas, even pure carbonic oxide may be used for 
reducing, but water gas has the advantage of acting 
more quickly as has been decided by experts who inves- 
tigated the matter several decades ago. 

Many defects of the iron-contact method for produc- 
tion of hydrogen have been overcome in recent years, but 
there still remain further refinements to bring the 
process to its highest efficiency. 


Surface Combustion Applied te Galvanizing 
By William J. Harris, Jr. 


The use of manufactured gas for heating galvanizing 
baths seems to have been seldom attempted in the past, 
and the few installations which have been tried have 
been unable to meet the competition of coke on a cost 
basis. The installation which we are about to describe 
is therefore particularly interesting because of the fact 
that, in addition to satisfactory operation in every par- 
ticular, it practically met the cost of the coke fuel in- 
cluding actual saving in labor. 

As is no doubt well known, the usual type of gal- 
vanizing bath is a rectangular steel tank of riveted or 
welded construction. The dimensions vary, according 
to the character of work to be done, but may be any- 
where from 2 to 4 ft. in depth by 2 to 6 ft. wide and 5 
to 20 ft. long. Because of the settling of the so-called 
“dross” to the bottom of the tank, it is impossible to 
apply heat directly to the bottom. Hence, the usual 
arrangement is to set the tank on a brick or sand 
foundation, and to build a brick setting around it with 
space for a coke fire between the sides of the tank and 
the inside of the setting. This space may be from 6 to 
18 in. wide, depending on the amount of heat required, 
and on two or four sides of the bath, depending on 
whether it is long and narrow or approximately square 
in shape. 

Fig. 1 shows a coke-fired bath. It is used for coating 
steel sheets of varying gages from No. 30 to No. 18, and 





FIG. 1—NEAR VIEW OF COKE FIRED BATH 
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FIG. 2—SECTION OF CASING WITH BURNERS INSTALLED, 
READY FOR BRICKWORK 


from 24 in. to 48 in. wide and 6 ft. to 12 ft. long. After 
“pickling” to remove the scale the sheets are run 
through the melted zinc by a “coating machine” consist- 
ing of a series of gear-driven steel rollers and a suit- 
able framework immersed in the bath. In coming out 
of the bath the sheets are carried along an air-cooled 
conveyer about 100 ft. long. It will thus be seen that 
the operation is continuous and that a high rate of 
work is essential to economical production. The weight 
of sheets coated varies from 20 to 40 tons per day of 24 
hours, using from 6000 lb. to 8000 lb. of zine in the 
same period. 

The gas-fired bath is being used for the same kind of 
work as that just described, and was originally designed 
for a coke fire. Instead of using a plain brick setting, 
however, it had been provided with cast iron casings 
which were lined with brick and placed about the steel 
tank after it had been put in position. This more dura- 
ble construction was designed to make it possible to 
renew the tank without having to rebuild the brick- 
work, and it was found particularly well adapted to the 
installation of the standard “impact type” of surface 
combustion burners. Fig. 2 shows a section of the casing 
with burners installed ready for the brickwork. The cas- 
ing as originally made for the coke fire consisted of four 
straight sections for the sides and four corner pieces. 
The side sections being set closer to the tank for the 
gas installation made it necessary to abandon the corner 
pieces and fill in the space with brick. This is shown 
in Fig. 3, which is a view of the completed installation. 
Fig. 4 is a plan and cross-section showing location of 
burners, refractory bed, etc. 

The “high pressure” gas system was used. This op- 
erates normally on a maximum gas pressure of 10 lb. 
per square inch and atmospheric air. In this case, 
however, the gas company was able to supply the gas 
at 4 lb. pressure. Hence the inspirators were specially 
designed to operate on 3 lb. at the normal working rate. 
A motor-driven gas booster was installed for use should 
a higher rate be desired and in case the service pressure 
of the gas should drop. Ordinarily this is not needed, 
and operating costs are thereby materially reduced. The 
proportioning of gas and air is entirely automatic with- 
out the use of governors or any appliance with moving 
parts. Temperature control is obtained by the simple ad- 
justment of the gas valve (marked “V” in Fig. 3). This 
is the only valve on the apparatus. 

The burners on each of the four sides of the setting 
are connected to separate inspirators which are in turn 
connected independently to the high pressure line. The 
heat on each side of the bath can thus be regulated in- 
dependently or any set of burners turned off entirely if 
desired. A low reading spring pressure gage (marked 
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“G” in Fig. 3) on each inspirator indicates directly the 
gas pressure at which it is operating. As the propor- 
tioning of the “mixture” is automatic and uniform, this 
pressure gage gives an accurate and convenient means 
of temperature control. Thus, if 2 lb. pressure is found 
sufficient to maintain the required temperature at a cer- 
tain rate of work, these conditions can always be dupli- 
cated or changed to meet new conditions without “guess- 
ing” at what the burners are doing. 

The old coke-fired bath (Fig. 1) measures 7 ft. x 7 
ft. x 44 in. deep with a capacity of 69,000 lb. of zinc, 
while the gas-fired is 6 ft. x 7 ft. x 44 in. deep with 


a capacity of 60,000 Ib. of zinc. The capacity of 
steel coated per day is, however, the same, and 
the fuel consumption was figured on this basis. 


Coating thirty tons of steel sheets and melting 8000 
lb. of zinc, the coke used was found to be 4000 
lb. per day of 24 hours. The entire time of one man was 
needed to wheel the coke from the storage bin and fire 
the furnace. At $5.50 per ton for the coke and 20 cents 
per hour for labor, this figures $15.80 per 24 hours. 
The gas installation was sold on a guarantee that, when 
doing the same work as above (30 tons steel and 8000 
lb. of zins), the gas consumption would not exceed 
40,000 ft. of 600 B.t.u. gas per 24 hours. At the pre- 
vailing rate, this figured $16.40. 

On actual test immediately after the installation was 
completed 28,000 lb. of steel were coated in 12 hours 
with 19,000 ft. of gas, or at the rate of 28 tons 
with 38,000 ft. per 24 hours. The temperature of the 
bath was maintained at about 840 deg. Fahr. and new 
zinc was added at the rate of 6200 lb. per 24 hours. It 
was not possible to run at the maximum rate because 
sheets of a heavy enough gage to give the required 
weight were not obtainable. Subsequent reports indi- 
cate that the efficiency of the gas fire increases at higher 
rates of work and that the guarantee has been safely 
met. 

When the bath is not in use the coating machine is 
withdrawn and the temperature maintained at about 810 
deg. to 820 deg. with 650 cu. ft. of gas per hour. Under 
these conditions, the burners on two sides only are used, 
and by closing some of the vents in the brickwork, the 
flue gases are made to circulate around and come out on 
the sides where the burners are turned off. 

It will be noticed that the fuel costs given above are 
for normal conditions. As a matter of fact, the high 
grade foundry coke which is required for this work now 
costs around $8 or $9 per ton and is practically unob- 








FIG. 3—-COMPLETE GAS FIRED BATH 


Gas Control “V-V,”" Inspirators “I-I," Pressure Gauges “G-G,” 
High Pressure Gas Line “H-H”" 
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FIG. 4—PLAN AND CROSS-SECTION OF FURNACE 


tainable at that. As a result of these conditions and 
the very satisfactory results with gas a second coke 
bath is to be changed over. 

This installation was made at the plant of the Chap- 
man Steel Company, Indianapolis, Ind., and was de- 
signed and installed by The Surface Combustion Com- 
pany of Long Island City, N. Y. 


Engineering Department, The Surface Combustion Co 
Long Island City, N. Y 





Utilizing the Waste from,Coal Mines in the 
Pacific Northwest 


Some interesting data have been obtained by the 
Puget Sound Traction Light and Power Company of 
Seattle, Wash., in their experimental plant with the 
burning of pea coal. The following information is 
extracted from the report by Mr. Henry Hull of the 
company, which was published in the Puget Sound 
Electric Journal, the company’s house organ, for 
April, 1917. 

“There are within a hundred miles of Seattle nu- 
merous coal mines with thousands of tons of fine coal 
piled up which at present is unmarketable and which 
should be available slightly above the cost of trans- 
portation. 

“This coal is a lignite variety particularly adapted 
to use in powdered form due to the high volatile con- 
stituent and the very high fusing point of the ash. 

“The foregoing characteristics are very important 
inasmuch as a high carbon coal requires very fine 
pulverization and carefully designed furnace to main- 
tain the high temperature until ignition is complete, 
and a low fusing ash will, when carried in suspension, 
cling to the tubes of the boilers, close up the flame 
space and make its operation impossible. 

“To prepare this coal for burning it must first be 
thoroughly dried and moisture content reduced to ap- 
proximately 1 per cent before it can be properly pul- 
verized. It must then be pulverized to powder form, 
where approximately 85 per cent will pass through a 
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FIG. 1—TEMPORARY ARRANGEMENT FOR BURNING POW- 
DERED COAL UNDER A 300 HP. BOILER AT 
WESTERN AVENUE STATION 


200 mesh screen and 95 per cent through a 100 mesh 
screen if the best results are to be obtained. It should 
then be fed directly to the furnace or if transportation 
or storage is necessary it should be kept air tight so 
far as possible to prevent absorption of moisture. The 
danger from explosion when handling this material is 
eliminated, if it is kept in bulk and not allowed to be- 
come suspended in a mixture of air. In the latter 
case a highly explosive atmosphere may be found 
which will readily ignite if brought in contact with a 
flame. 

“The method of experiment and results of test made 
by this company are as follows: 

“The coal is dried and pulverized by the Pacific 
Coast Coal Company, at their briquetting plant, near 
Renton, which is equipped with a Raymond pulveriz- 
ing plant. It is then loaded in a special car equipped 
for the purpose, which consists of a box car in which 
is constructed a metal-lined hopper. The car is 
spotted at the steam plant over a chute which is con- 
nected to the car by a flexible hose and which feeds a 
small conveyor encased in a metal housing. The coal 
is elevated and dumped into a bunker, adjoining the 
power plant, from the bottom of which it is fed by 
means of two motor-driven screws into the supply 
pipe. The coal is then blown through the pipe a dis- 
tance of 30 ft. to the front of the furnace, where it 
feeds into specially constructed burners, made of 
sheet iron, as shown in the accompanying photograph 
The air supply to each burner is furnished by a motor 
driven blower with dampers installed to control the 
supply. The boiler has been equipped with an ex- 
tended oven, as shown in picture, in order to furnish 
sufficient space for the proper ignition and combus- 
tion of the fuel. The following is a record of a test 
on the equipment run continuously for 12.8 hours, the 
duration of the test being determined by the limited 
facilities for storage and handling of the fuel. The 
coal was weighed in the car as delivered to the plant 
and the net weight determined by a subsequent weight 
of the car after unloading. The test was run until all 
coal was consumed. The water was measured by a 
Venturi water meter installed in an individual feed 
line to the boiler and all instruments were checked 
for accuracy before starting. The test was made on 
a 300 hp. B. & W. boiler on March 23, 1917. The coal 
analysis is as follows: Moisture, 5.4; Volatile, 37.2; 
Fixed Carb., 47; Ash, 10.4; Sulp., 0.56; B.T.U., 11,760. 

The ash analysis is as follows: SiO,, 44; FeO, 
10.45; ALO., 32.88; CaO, 7.75; MgO, 2.40. The screen 
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test gave 5.8 per cent on 100 mesh; 54.6 per cent 
through 100 on 200 and 59.6 per cent through 200. 


_ 


Duration of test 12.8 hrs 


Average boiler hp. developed bod 
Total water evaporated 143,231 Ib 
Average temperature of feed water 185 deg. F 
Average steam pressure 106.50 lb. gauge 
Average temperature of steam 399 deg Ke 
Average flue gas temperature 28 deg. F 
Average draft at uptake 0.17 in. water 
Average flue gas analysis COs, 17 per cent; oxygen, 2 per cent 
CO, 0 per cent 
Total coal burned 18,389 Ib 
Actual evaporation per |b. of coal 7.8 lb 
Equivalent evaporation from and at 212 deg 8.6 lb 


Boiler efficiency il per cent 


“It was noted during the test that the boiler could 
be forced to 200 per cent of rating without any ap- 
parent damage to brick setting or tubes. The stack 
was perfectly clear under these conditions, and there 
was no fusing of the ash. About one-third of the lat- 
ter was found deposited in the second and third passes 
of the boiler. 

“The results of the experiment tend to refute most 
of the adverse criticism of this method of burning 
coal. There was no formation of slag in the furnace 
or on the tubes; there was no shower of cinders and 
ashes emitted from the smoke stack and there was no 
damage done the boiler from heavy overload under 
these conditions. 

“From our experiments in burning these various 
fuels we find that (assuming pea coal at $1.60 per 
gross ton) the relative prices of the fuels at which 
they would have equivalent heating values are as 
follows: 


Pea coal on chain grates. at $1.60 per gross ton, delivered 
Fuel oil, at 56 cents per barrel, delivered 
Powdered coal, at $2.20 per gross ton, delivered 


“That the powdered coal can be burned without 
physical difficulty is practically assured, and the ques- 
tion now to be determined is, “At what price can powd- 
ered coal be procured?” If the coal can be dried and 
pulverized at a cost of 35 cents per gross ton, includ- 
ing overhead charges on the investment which is the 
figure submitted by some manufacturers, the question 
depends upon the price which must be paid the mines 
for their product. 

“If, by our experiments we are able to prove the 
feasibility and economy of burning our lignite coals in 
powdered form, there will undoubtedly be created a 
large market for it both in stationary and marine 
practice. A lively interest is being taken in our work 
by all large consumers and producers of fuel in this 
territory, as well as by the University of Washing- 
ton and the Government Bureau of Mines who have 
offered and rendered all assistance possible. We hope 
that within a few months the success of our efforts 
will have been finally demonstrated and that we may 
be the means of introducing the practice of burning 
powdered coal under stationary and marine boilers in 
the Pacific Northwest. 


Osmotic Pressure Discussed by Faraday Society.— 
A general discussion on “Osmotic Pressure” was held on 
Tuesday, May 1, 1917, by the Faraday Society in Lon- 
don. Sir Oliver Lodge, F.R.S., presided over the dis- 
cussion, which was opened by Prof. Alfred W. Porter, 
Dr. F. Tinker read a paper on “The Colloidal Mem- 
brane: Its Properties and Its Function in the Osmotic 
System.” Mr. W. R. Bousfield, F.R.S., read a paper on 
“Osmotic Pressure in Relation to the Constitution of 
Water and the Hydrates of the Solute.” 
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‘Tis rightly called a U boat 
Tor it puts it up to YOU 


Gods FreeOcean Loan 
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Have you bought your Bond? 


THE LIBERTY LOAN 


The above poster was designed by the Art Department of the McGraw-Hill Publishing Co., Inc. 

The first issue of the “liberty loan” will be $2,000,000,000. Secretary McAdoo has announced that subscriptions will be 
received until June 15. The bonds, which will bear 3% per cent interest, will be issued in denominations as low as $100. 
A committee of leading American bankers headed by Benjamin Strong, Jr., has been formed to assist the government in 
the distribution of the loan and a nation-wide advertising campaign is being planned. Subscriptions have been pouring 
in at a rapid rate from all parts of the country, and inquiries have swamped the banking institutions. 

Have you bought your bond? 
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Personal 


Mr. G. A. Burrell, consulting chemical engineer of 
Pittsburgh, Pa., and for eight years in charge of gas 
investigations of the Bureau of Mines, has been se- 
lected by Mr. Van H. Manning, director of the Bureau 
of Mines, to take charge of research work on matters 
pertaining to gas warfare. Mr. Manning is chairman 
of a committee of the National Research Council. The 
latter is a branch of the Council of National Defense. 


Mr. W. C. Dumas, for eight years past a member of 
the firm of A. M. Lloyd Laboratory of Atlanta, Ga., has 
sold his interests to Mr. A. M. Lloyd. He has been 
appointed as State Chemist of Georgia by the new 
Commissioner of Agriculture, Mr. J. J. Brown. Mr. 
Dumas began his new work on May 1. 


Mr. F. N. Flynn, general superintendent of the 
Chile Exploration Company at Chuquicamata, Chile, has 
severed his connections with that company and was 
expected to arrive in New York the latter part of April. 


Professor C. R. Richards, professor of mechanical 
engineering and head of the department since 1911, has 
been appointed dean of the College of Engineering and 
director of the Engineering Experiment Station of the 
University of Illinois to succeed Dr. W. F. M. Goss, who 
has resigned to become president of the Railway Car 
Manufacturers’ Association of New York. 


Professors Robert E. Rose and Harlan L. Trumbull 
of the University of Washington will spend one year of 
research study on the tanning of leather and phases 
of physical chemistry at the Mellon Institute of In- 
dustrial Research in Pittsburgh, Pa. Both will start 
their studies about June 1. 


Professor Albert Sauveur, professor of metallurgy 
and metallography of Harvard University, has been 
given leave of absence for the first half of 1917-18. 

Mr. C. H. Todd of Youngstown, Ohio, has resigned 
the presidency of the Standard Steel & Construction 
Company, which he recently organized. He will be suc- 
ceeded by E. C. Miller of Philadelphia. Mr. Todd was 
president of the Petroleum Iron Works, Petroleum, Pa., 
for many years. 


Mr. G. H. Upington has been appointed manager of 
the recently opened New York office of the Braemer 
Air Conditioning Corporation of 90 West Street, New 
York. 


Mr. Charles S. Vought has been appointed assistant 
general manager of sales of the American Steel Export 
Co., Woolworth Building, New York. Mr. Vought was 
formerly one of the managers of the order department 
of the Cambria Steel Co. 

Dr. M. C. Whitaker, head of the department of chem- 
ical Engineering, Columbia University, was elected vice- 
president of the U. S. Industrial Alcohol Co., at the 
meeting of their board, on April 19. In this capacity 
Mr. Whitaker will serve as chairman of the manufac- 
turing committee in charge of plants and operations, 
chairman of the research committee in charge of the 
new laboratories at Baltimore, and as a member of the 
sales committee of the company. 


Obituary 


Mr. Earle C. Bacon, well known in engineering, 
mining and machinery circles, died on Monday, April 9, 
at his country home in North Salem, N. Y., after a short 
illness. Mr. Bacon was born in Providence, R. I., in 
1849, and had an active and honorable business career 
of nearly 50 years. He started his engineering course 
with the Delamater Iron Works of New York, N. Y., 
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and, at the age of 21, formed a partnership with C. E. 
Copeland under the firm name of Copeland & Bacon. 
The firm was dissolved in 1893 and from 1894 until his 
death Mr. Bacon carried on the business under his owr 
name, his business offices in the Havemeyer Building, 
New York City, being within a few hundred feet of his 
original location. 

He was a pioneer in the development of hoisting en- 
gines and was an expert on the mining and milling of 
asbestos. He was one of the oldest members of the 
American Society of Mechanical Engineers, and was 
also a member of the Union League and Machinery 
clubs. 


CURRENT MARKET REPORTS 
The Iron and Steel Market 


The volume of steel buying since the United States 
declared war has probably been greater than in tlie 
period preceding, but there is clearly a difference in 
the character of the buying, as there is more contract- 
ing by ordinary buyers, jobbers and manufacturing 
consumers, and still less buying of specific lots of ma= 
terial destined for certain construction work. As a mat- 
ter of fact there is very little of the latter class of busi- 
ness now going through, in the form of orders for loco- 
motives and cars, and bridges, buildings, etc. 

A year or more ago the outstanding feature of the 
situation was that the orders on mill books represented 
specific undertakings, to the extent of an unusually high 
proportion, and this business would not be at all likely 
to be subject to cancellation or postponement in delivery. 
At the present time there is a great deal of specific busi- 
ness on books, but a much larger proportion of the total 
than formerly is in the form of requirement or open con- 
tracts, subject to specification in future. The amount 
of business on books is not as sure a criterion as for- 
merly of the steel trade’s prospects. It represents 
rather the expectations of buyers as to the future cou- 
dition of their business, and their fears that if they 
did not place contracts they would be left without ma- 
terial. 





MILLS OUT OF THE MARKET 


The total volume of steel buying in the first half of 
May has been materially smaller than the rate in April, 
for the reason that many mills have withdrawn from 
the market. Three important subsidiaries of the Steel 
Corporation are out, the American Steel & Wire Com- 
pany, the American Sheet & Tin Plate Company and the 
National Tube Company. The independents making the 
products thus represented are securing higher prices 
than those at which the Steel Corporation subsidiarie: 
last sold. The wire company withdrew from the mar 
ket early in April and later in the month the independ- 
ents advanced wire products $6 a ton, making nails $3.50 
a keg. The American Sheet & Tin Plate Company early 
in April announced its prices for second half contracts 
and before the end of the month its prospective tonnage 
was all sold. The independents then advanced prices, 
which are now fully a cent a pound higher than these at 
which the Steel Corporation subsidiary sold. In April 
the National Tube Company sold between one-third and 
one-half more than it shipped, though the sales were nob 
as heavy as those of March. At the beginning of May 
the independents advanced their prices on pipe six points 
or nearly $12 a ton and the National Tube Company con- 
cluded not to follow the advance, so that it was forced 
to withdraw from the market, its regular trade being 
well covered. The independents are getting more out 
of the situation than the Steel Corporation, as regards 
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prices, but when the movement is over the Steel Corpora- 
tion’s relations with its customers will be better than 
will obtain in the case of some of the independents. 


STEEL EARNINGS 

The Steel Corporation’s earnings will be very com- 
fortable nevertheless. Its earnings in March were $43,- 
630,422, with shipments at several per cent less than 
capacity, and invoice prices an average of perhaps $20 
a ton less than prices at which recent sales have been 
mude. The Corporation seems to be in line to earn con- 
siderably more than $60,000,000 in some future month. 

GOVERN MENT BUYING 

The United States Government’s steel requirements 
are estimated at about 1,100,000 tons, according to the 
present program, of which fully 600,000 tons has al- 
ready been placed, chiefly in connection with the 1917 
naval program. The prices are all at very material con- 
cessions from existing market prices for far forward 
delivery, though much of the material is wanted for 
very early shipment. The Government has now become 
purchasing agent for the European Allies, succeeding 
Messrs. J. P. Morgan & Company, and the Advisory 
Commission of the Council of National Defense has been 
considering the question of what prices the Government 
should propose that the steel manufacturers should ac- 
cept for steel for the European governments. The law 
relating to purchases for the Government does not seem 
to apply to the case of the Government acting as pur- 
chasing agent, but the steel mills are in mood to make 
very material concessions. 

With 1,100,000 tons of steel required by the United 
States Government, and probably a larger tonnage to 
be bought for its Allies, chiefly shell steel, the war re- 
quirements do not seem to mount to very high propor- 
tions, seeing that the country is making more than 2,- 
500,000 tons of finished rolled steel a month. In the 
mobilizing of various industries for prosecution of the 
war, however, a great deal of steel will indirectly be 
used. To produce larger crop yields and to take care of 
the additional planting that is being done the agricul- 
tural implement makers anticipate a heavier demand for 
their products. More steel will probably be called for 
on account of the railroads, and thus there is likely to 
be a demand for steel all along the line. While the steel 
can be classed as steel required on account of the war 
it may not represent a corresponding increase in the 
total demand, for the reason that there will be some 
diminution in the consumption of steel for strictly peace 
purposes. The extent to which the country’s industrial 
activities will be modified cannot of course be gaged at 
this early date. 

The tin plate situation is receiving careful considera- 
tion and production is to be speeded up as much as pos- 
sible. Fear of a scarcity of tin plate does not arise from 
production being curtailed, but from the requirements 
having become altogether abnormal. In 1916 the pro- 
duction of tin plate was about 1,350,000 gross tons, or 
300,000 tons beyond the previous record, yet at the pres- 
ent time production is at a rate about 20 per cent 
greater than the average rate in 1916. 


THE PHYSICAL CONDITION 


The iron and steel industry has experienced a prac- 
tically complete recovery from the restriction of out- 
put that was forced during the winter by the traffic con- 
gestion. Car supplies in the Connellsville coke region 


are much below the regular allotments, but on account 
of so many by-product plants having been completed 
lately the Connellsville shipments are practically ade- 
quate. 


Some of the newer by-product plants have had 
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surplus output lately and have been selling by-product 
coke in prompt lots. Pig iron production is at a rate 
slightly exceeding 41,000,000 tons a year, against 39,- 
434,797 tons produced last year, and three or four addi- 
tional furnaces are to be completed within a few months. 
The only new furnace thus far this year is Gary No. 4 
blown in April 14. 

Lake Superior ore shipments in April amounted to 
only 211,532 tons, no shipments being made from the 
head of the lakes, on account of ice. This is a loss of 
about 1,500,000 tons as compared with last year, and 
May shipments will probably be short as much more, 
so that on account of the cold spring the lake shipping 
season starts handicapped by about 3,000,000 tons, but 
this can probably be made up. 

The steel works are fully supplied with pig iron, but 
steel making capacity increases more rapidly than blast 
furnace capacity, and the pinch in future may be in pig 
iron rather than steel. Pig iron has been advancing 
steadily in all markets, and is now at an average of $40 
a ton at furnace, a trifle more than three times the low 
level of two years ago, while billets have quadrupled and 
finished steel has somewhat more than tripled in price. 

With centralized control of the railroads it is expected 
that serious congestion will be avoided in future and 
the iron and steel industry will probably be able to op- 
erate at capacity. The adoption of the selective draft 
has improved the outlook as to the supply of labor. 


The Non-Ferrous Metal Market 


Monday, May 7.—The metal markets have been un- 
dergoing a period of uncertainty regarding the prices 
which should be asked. However, no important changes 
have been noted, especially as to lower prices. Copper 
remains the same, spelter is slightly lower, lead is higher 
in a strong market and tin is also higher. 

Copper.—There is very little spot copper available 
except some resale lots which are held at from 31 to 32 
cents. July copper, which is also scarce, is quoted at 
30 to 30'. cents. Third quarter is held at 27'» to 28'» 
cents and fourth quarter at 26'%. This applies to both 
electrolytic and lake. Copper production is being 
speeded up and is expected to run considerably ahead of 
last year. 

Tin.—Tin is higher and has advanced to 58.50 to 58.75 
for prompt Straits. Sales have been light recently 
owing to the small spot stocks on hand. The arrivals 
in April were only 4393 tons, and future arrivals aré 
of course uncertain. The government has taken steps 
to find substitutes for tin cans in packing many arti- 
cles. Little interest is shown in futures at the present 
time. 

Lead.—The trust price of lead has been advanced to 
9.50 cents New York. The lead market is very strong 
and independents are asking up to 10.50 cents for 
prompt shipment, with a scarcity of supplies still pre- 
vailing. 

Large producers and consumers are holding off pend- 
ing a definite understanding as to the Government’s 
requirements and the price to be paid. 

Spelter.—Consumers continue to show no desire to 
purchase large supplies and spelter is now down to 
9.25 to 9.50 cents at New York for May and June ship- 
ment. Fourth quarter can be had at 9.00 to 9.12'% 
cents. 

Other Metals.—There is very little demand for spot 
antimony, which continues at 31.00 to 32.00 cents. 
Aluminium is unchanged at about 60.00 cents. Mag- 
nesium is unchanged at $2.50-$3.00, quicksilver is 
$113.00 per flask, platinum (pure) is $105.00 per ounce, 
and silver 74%. cents. Tungsten concentrates are $20.00 
per unit for 60 per cent ore. 
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Chemical Market 


Coal Tar Products.—There has been a very active 
movement in practically every item under this classifi- 
cation during the past fortnight and higher levels are 
recorded. The tendency upon the part of holders of 
stocks appears to be a hesitating one and they feel that 
by restricting offers and holding for later developments 
they will benefit materially. 

Benzol.—While spot values have not undergone 
change, the position of future deliveries has stiffened 
up materially and forward deliveries are now being 
made on the basis of spot prices. But comparatively 
few offerings of important quantities are being made in 
any position. Spot lots have been reaching the market 
in amounts that have rarely involved more than a car 
and these have generally been taken up quickly by con- 
sumers who believe that at present spot prices benzol 
is a good buy. 

Toluol.—The situation in toluol is extremely firm, 
and interesting developments are expected. It has been 
rumored that the leading producers are accepting con- 
tracts with the proviso that they will be filled providing 
the government does not make demands for material. 
However, this has been denied in certain important 
quarters. There seems to be but little doubt that large 
orders of T N T will materialize and that these orders 
will remove large quantities of toluol from regular 
consuming channels. 

Aniline Oil.—Following out predictions made in these 
columns some time ago, the recent movement in aniline 
oil, and prices realized, have been gratifying from a 
producers’ viewpoint. Aniline oil is considered one 
of the real good purchases that can be made at the 
moment. It is known that certain large interests have 
purchased any desirable quantities that have recently 
reached the open market as a matter of investment 
rather than consumption. Plants that abandoned the 
manufacture of the product some time ago when the 
market touched the 20c. level are again preparing to 
turn out the product, and oil now produced containing 
2 or 3 per cent impurities is being further refined and 
offered in the open market. 

Phenol.—The general undertone has exhibited much 
firmness during the interval but there has so far been 
no actual improvement in prices. Competition is quite 
keen and producing factors appear reluctant to disturb 
present conditions. 

Ammonium picrate.—The purchase of 430 tons of am- 
monium picrate by the government and the possibility 
of further orders has created more confidence in the 
situation. The order for ammonium picrate went to 
one of the large explosive manufacturers at a price 
much below those submitted by other bidders. This 
firm also secured the recent contract on T. N. T. at a 
much lower price than quoted by competitors and it 
seems apparent that this firm is anxious for government 
business, 

Dimethylaniline, dinitrochlorbenzol and dinitrobenzol 
have all been subject to slight advances as a result of 
more demand. 

Beta Naphthylamine-—A commercial production of 
this product is announced for the first time. The price 
named on contract for technical is $2.50 and $3:50 for 
refined. 

Naphthaline.—F lakes and balls have been in urgent 
demand with prices established on a higher level. Of- 
ferings continue restricted. 


Alpha Naphthylamine——Keen competition and a 


arger production has resulted in a break in values. 
Business, especially for export, has been done on a low 
level, 


Present values are at the lowest point that has 
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prevailed since the product was manufactured in this 
country. 

Heavy Chemicals.—A brisk general movement has 
been noted in practically all items under this classifica- 
tion despite the difficulty of securing shipbottoms for 
export. 

Nitrite of Soda.—A spectacular movement has been 
noted in this product and large buyers have paid as 
high as 36c. Several firms are planning productions 
and a New York firm announces that beginning June, 
fifty tons monthly will be available. However, this ma- 
terial will be marketed at the highest price that can 
be obtained and there does not appear to be much hope 
for lower prices for some time to come. 

Bichromates.—The sodium product has sold as low 
as 13c. and as the leading producers established the 
price of 24c. last fall and sold possibly three-quarters of 
their production, those who are making deliveries of 
the product at 24c. with the market at 13c. are shed- 
ding crocodile tears. The market has been subject to 
much manipulation and speculation and consumers have 
therefore suffered accordingly. During the past few 
days there has been a turn for the better and somewhat 
higher prices would not be surprising. 

Cyanides.—A very weak market prevails as a result 
of the dumping of large quantities of English and Jap- 
unese cyanides on this market. Large holders who 
bought on speculation have been caught and heavy 
losses have resulted. 

Caustic Soda.—For the first time in a lengthy period 
this product has sold above 5'2c. for nearby delivery. 
This shows an increase of 25 to 30 per cent within the 
past few weeks. Practically all producers are sold out. 
The situation is extremely firm. Soda ash has followed 
the caustic market somewhat but owing to packing in 
bags the export movement has been restricted. 


General Chemicals 


WHOLESALE Prices IN New YORK MARKET May 5, 1917 
Acetic anhydride ; ‘ Ib $1.50 $1 75 
Acetone, drums awe .Ib 27 27% 
Acid, acetic, 28 per cent , ssa eek 04% 0 

Acetic, 56 per cent.. .Ib 09% 10 
Acetic, glacial, 99% per cent, carboys....Ib 27 ‘0) 
Boric, crystals ....... ‘ , in 11 12 
Citric, crystals .. s . ; . Ib. 72 74 
Hydrochloric, commercial, 18 deg Ib O1% 01% 
Hydrochloric, 20 deg - Ib vl % 015% 
Hydrochloric, C. P., cone., 22 deg ; lb 015% 01% 
Hydrofluoric, 30 per cent, in barrels Ib 04% 05 
Lactic, 44 per cent.. i oom lly 12 
Lactic, 22 per cent.. ones Ib. 04% OF 
Nitric, 36 deg , : ..Ib 051, 05% 
Nitric, 42 deg. ... cms .lb 067, 07 
Oxalic, crystals . , Ib 5 46 
Phosphoric, 50 per cent Ib O07 08 
PUOEES osscceee Seepece Ib 65 70 
Pyrogallic, resublimed Ib 3.50 4.00 
Sulphuric, 60 deg. Brimstone ton 19.50 21.00 
Sulphuric, 66 deg ae a ton 29.00 30.00 
Sulphuric, oleum (Fuming), tank cars ton 38.00 $2.00 
Tannic, U. 8. P., bulk..... . ...Ib 5 50 
Tartaric, crystals . een ‘ Ib 79 80 
Alcohol, grain, 188 proof. ceo 3.05 3.07 
Alcohol, wood, 95 per cent.. ; ..-gal 1.00 1.02 
Alcohol, denatured, 180 proof. . gal. 70 72 
Alum, ammonia lump ........ ener ‘= oe 04 0444 
Alum, chrome ammonium .. ° ; i< on 17% 18 
Alum, chrome potassium ......... ..lb 40) 45 
Alum, chrome sodium ... Sieh -  _ 12% 13 
Alum, potash lump ...... Sinica. aeciece pen 051, 06 
Aluminium sulphate, technical sis wt a 01% 02 
Aluminium sulphate, iron free............. Ib O31, 03% 
Ammonia aqua, 26 deg. carboys.. Terr eT 06 
Ammonium carbonate . soon 13 14 
Ammonium nitrate ...... Ib 1614 17 
Ammonium, sulphate domestic Ib 05% 05% 
Amyl acetate .......s- gal 4.00 +.2 
Arsenic, white .. ee -Ib 161, 17% 
Arsenic, red ..... yi Ib 25 60 
Barium chloride ........... ‘ims ee , ton 85.00 10.00 
Barium sulphate (Blanc Fixe), powder Ib 04 04% 
i Pe ccccehdinbcmehee hoe os lb 10% 11 
Barium peroxide, basis 70 per cent.... ..lb at 27% 
Bleaching powder, 35 per cent chlorine, 
dom. drums née SCRNRS GE8CN — 0314 03% 
Borax, crystals, sacks ever eT CTT 08 O8lg 
Brimstone, crude nee o's ieteces den ton 45.00 ; 
Bromine, technical ...... ‘ My Torry | 80 90 
Calcium, acetate, crude ........ es 04% 04% 
Calcium, carbide  ¢ lea ; -.s..ton 80.00 90.00 
Calcium chloride, 70-75 per cent, fused, lump, 
ton 26.00 27.00 
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Financial 


New Companies 


Alaskan Copper River Mining Company, 
iverett, Wash., incorporated for $2,000,000 
by E. B. McGill, T. M. Williams and Dr. C. 
\. Mead, to develop gold mines in Alaska 

American Fire Extinguisher Company, 
Pittsburgh, Pa., has been incorporated with 
1 capital of $50,000 to manufacture chemi- 
eals, fire extinguishers of all kinds. The 
incorporators are W. A. McCoy, Pittsburgh, 
’a.: W. LL. N. Lofland, Geo. W. Morgan, of 


Dover. 

The American Ore Reduction Company, 
New York City, has been incorporated in 
Delaware with a capital of $5,000,000, to 


manufacture machinery for metallurgical 
operations. The incorporators are Roger 
A. Pryor, Jr., William l'Huillier. George B. 
Hayes, John C. O’Brien and Major T. J 
Whelen, of New York City. 

Antwerp Naval Stores Company, Manhat- 
tan, has been incorporated with a capital 
of $10,000 to act as selling agents in naval 
stores. The incorporators are Walter Cook, 
Jr.. Ralph R. Maiden, Jose Ge. Deane 

Becker, Pennrich & Co., Inc., New York, 
has been incorporated with a capital of 
$20,000 to deal in chemicals, dyes, medi- 
cines. The incorporators are H. C. Becker, 
H. C. Pennrich, E. Brophy, 82 Beam Street. 

The British-American Copper Mining & 
Smelting Company of Seattle, fash., has 
been incorporated with a capital of $2,- 
000,000 Will develop copper properties in 
British Columbia Incorporators are: Ar- 
thur Bernstein, Norman Herman, Adam 
Beeler, John J. Sullivan, E. M. Kennard. 
Temporary offices, 510 White Building, Se- 
attle 

The Capital City Iron & Metal Company, 
Bismarck, N. D., has been incorporated 
with a capital of $15,000. 

Central Oil Transportation & Develop- 
ment Corporation, Delaware, has been in- 
corporated with a capital of $5,000 000 to 


purchase oil lands and produce oil and 
natural gas and market the same. The in- 
rporators are Samuel B. Howard, Louis 


H. Gunther, Geo. V. Reilly, all of New York 
Cherokee Mining Company, Wilbur, 
Wash., incorporated for $1,500,000 to de- 
velop Cherokee group of claims Incor- 
porators are William Rakestraw, M. E 
Bennett, Lloyd Harris, C. G Edwards, all 
of Wilbur, and I. Toner, Spokane. 

The Coastal Plain Oil Company, Cleve- 
ind, Ohio, has been incorporated with a 
apital of $50,000 Headquarters, Houston, 
Texas 

The Coeur d'Alene Empire Mining & Mill- 
ng Company, Spokane, Wash., incorporated 

take over property of Coeur d'Alene Min- 
ng & Milling Company Directors are H. 
W. Greenberg, T. H. Holland, F. D. Garrett, 
rank Johnson and A. Herman, all of 
Spokane 

The Colfab Manufacturing 
Philadelphia, Pa has been 


Company, 
incorporated 


with a capital of $10,000, to manufacture 
hemicals and chemical compounds. K. G. 
Bird, Philadelphia, is the principal incor- 
orator 


Dilworth Oil & Refining Company, New- 
irk, Okla., has been incorporated with a 
apital of $1,000,000. The incorporators are 
1. R. Utterback and W. A. Doty, Newkirk; 
M. R. Diggs, Chicago 

The Duplex Mfg. & Foundry Company, 
Elyria, Ohio, has been incorporated with a 
ipital of $50 000 The incorporators are 
M. A. Copeland, C. A. Alexander, Geo. A. 
Mowery, C. Verbsky and O. E. Schultz. 

William F. Eissing & Co., New York City, 


is been incorporated with a capital of 
000 to deal in chemicals, liquics or 
lids. The incorporators are L. D. Della, 


DF 


way 


Bodger, Morte S. Joseph, 299 Broad- 


Empire Smelting & Refining Company, 
Wilmington, Del, has been incorporated 
th a capital of $100,000 to operate mills 
pertaining to the refining, mining and mill- 
ng of metallurgical industries. The in- 
orporators are Herbert E. Latter, C. L. 
R mlinger, Clement M. Egner, Wilmington, 
We 

Engineering Sales Company. New York 
incorporated with a capital of 


} 


has been 





$10,000 to deal in metals 
tors are J. T. Abeles, W. P. 
Street. 

The Federal Aniline Corporation, New 
York, has been incorporated with a capital 
of $10,000 to manufacture and deal! in dyes 
and chemicals. The incorporators are 
tichard Pick, Doris Lefkowitz, Arnold 
Blank. 

The 
Aurora, 
capital 
lands 


The incorpora- 
Riley, 2 Rector 


Great Eastern Oil & Gas Company, 
Ind., has been incorporated with a 
of $100 000 to develop oil and gas 
and to market the product of the 
same. The incorporators are Louis Bloom, 
H. C. Williams, Aurora, Ind.;: E. W. Cris- 
pin, J. M. Horless, Gulfport, Miss.; W. H. 
Pilarz, Belfar. 

Great Western Oil & Chemical Company, 
Oklahoma City, Okla., has been _ incor- 
porated with a capital of $2 000,000 to deal 
in oil and minerals of all kinds and to de- 
velop the same. The incorporators are R 
H. Locke, A. J. McMahon, J. B. Dudley, all 
of Oklahoma 

The J. L. Hoffman Company, Allentown, 
Pa., has been incorporated with a capital of 
$50,000 to manufacture chemicals. James 
L. Hoffman is president. 

The Hudson Meta! Manufacturing Com- 
pany, 141 Railroad Avenue, Jersey City, 
N. J.. has been incorporated with capital of 
$25,000 to manufacture metal specialties 
F. Ricciardelli, A. Salstrom and S. Schna- 
bolk, of Jersey City, are the incorporators 

The International Chemical Company of 
Seattle has been incorporated with a capital 
of $15,000. Will deal in salt cake, any- 
hydrous soda sulphate, glauber’s salts, sili- 
cate of soda, sulphate of potash, kieselguhe 


etc Incorporators are P. D. Donaldson, H. 
B. Brown, Alex Neven, Day Karr, G. W. 
Gregory. 

Ithaca Oil & Gas Company, Inc., has 


been incorporated with a capital of $100,000 
to deal in petroleum, oil, natural gas, coal, 
iron. The incorporators are A. H. Squier, 
S. B. Squier and Clarence C. Squier. 

Jersey Steel Company, Jersey City, N. J. 


has been incorporated with a capital of 
$125,000 to manufacture steel ingots and 
billets by improved methods. The incor- 


porators are A. B. Shanahan, W 
Cross, Jersey City 

Kansas City Progress Oil & Refining 
Company, Independence, Kan., has been in- 
corporated with a capital of $1,000 000. 
The incorporators are Jas. R. Smith, H. W 
Hones, Independence, Kan.; Merle V. Cad- 
man, Tulsa, Okla 

The Liberty Steel Company of Warren, 
Ohio, has been incorporated with a capital 
of $600,000. The incorporators are Edward 
F. Clark, R. A. Kenworth. Jr.. Harold Tay- 
lor, John W. Ford and Leroy A. Manchester 

McCoy Machine Glass Company, Hunt- 
ington, W. Va., has been incorporated with 
a capital of $40,000 to deal in window glass 
The incorporators are H. E. Camp, M. L. 
Camp, F. F. Rigall, P. P. Gibson and F. 
Mearns, Huntington, W. Va. 

Frederick G. Marquardt, Inc., New York, 


Turner, H 


has been incorporated with a capital of 
$25,000 to manufacture paper, paper stock, 
etc. 


Midgley & Prentice, Inc., Worcester, 
Mass., has been incorporated with a capital 
of $25,000 to deal in iron and steel. The 
incorporators are F. Midgley, New York: 


treasurer, Robert L. Prentice, Worcester ; 
clerk, Edna R. West, Worcester. 

National Motor Power Company, Inc., 
Dover, Del., has been incorporated with a 


capital of $5,000,000 to manufacture chemi- 
cals and to deal in druggists’ supplies of all 
kinds. Jas. Hughes, Mark W. Cole, Mary 
S. Pollock, all of Dover, Del., incorporators. 

New Jersey Products Company, West Or- 
ange, N. J., has been incorporated with a 
capital of $500,000 to manufacture chemi- 
cals, glues, veneers, stains and _ shellac, 
paper products, phonographs, sound records 
and storage batteries, etc. The _ incor- 
porators are Thomas A. Edison, Charles 
Edison, R. H. Allen, West Orange, N. J.; 
Stephen B. Mambert, East Orange, N. J., 
and A. C. Emery, Montclair, N. J. 

Noonday Mines Company, Spokane, 
Wash., has increased its capital stock from 
250,000 to $750,000, and purchased new 
group of claims. Extensions of operations 


planned. 
The Northern Iron & Oil Company, 
Minneapolis, Minn., has been incorporated 
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with a capital of $50,000. He 
San Antonio, ‘lexas. 

Numbers Mining 
Del., has been incorporated 
of $1,000,000 for discovery 
gold, silver, zinc, etc 

Oilmist Corporation, Wilmington, Del., 
has been incorporated with a capital of $1,- 
000,000 to prospect for oil and natural gas 
market same. The inco. poraro. are 
Harry W. Davis, M. L. Gatchell, L. A 
Irwin, all of Wilmington. 

Ozonol Chemical Corporation, Wilming- 
ton, Vel., has been incorpo. ated with a capi 
tal of $1,000,000 to manufacture drugs, 
medicines, chemicals. The incorporators 
are Herbert E. Latter, C. L. Rimlingcr and 
Clement M. Egner, Wilmington 

The Peerless Color Company, Inc., Bridge 
water Township, N. has been incor 
porated with a capital of $500,000 to manu- 
lacture colors and chemicals. 

Pioneer Color Works, Im 
Y., has been incorporated with a cap.tal of 
$10,000 to deal in colors and dyestuffs. The 
incorporators are A. C. Zobel, A. Galer, L 
J. Svhindler, 923 East Thirteenth Street. 

Ramberg Iron Works, New York, has 
been incorporated with a capital of $1,- 
900,000 tOemanulacture steei and coppei 
The incorporators are Haakon W tam- 
berg, Edward J. Widness, Rodney T. Mar- 
tinsen. 

The St. 
pany, 
with a 


ucquarters 


Company, Wilmington, 
With a capital 
and jocation of 


Brooklyn, N 


Nicholas Zinc Extension Com- 
Dover, Del., has been incorporated 
capital of $1,000,000 to manufacture 
zinc, brass, ete. The incorporato:s are F 
Db. Buck, George W. Dillman and M. L 
Horty, of Wilmington. 

Sardou, Inc., New York, has been incor 
porated with a capital of $25,000 to manu- 
lacture perlumes, soaps, toliet preparation 
The incorporators are A. Keyrouse, B. C 
Elliott, G. Sardou, 172 West 109th Street 

The Southern Oxygen Company, Austin, 
Texas, has been incorporated with a capital 
of $20,000. The incorporators are EK. H 
Perry, D. C. Reed, F. G. Smith, O. H. Mili- 
ken and J. B. Robertson. 

Superior Refining Process Company, San 
Francisco, Calif., has been incorporated 
with a capital of $10,000. The incorporators 


are H. McCurdy, H. E. Casey and M Simp- 
kins. 
Toronto Chemical Mfg. Company, New 


York, has been incorporated with a capital 
of $20,000 to manufacture chemicals. The 
incorporators are E. A. Eichner, J. M. Cuff, 
M. Mouilus, 220 West 42nd Street 

United Chemical & Organic Products 
Company has been incorporated in Dela- 
ware with a capital of $2,202,700 to manu- 
facture glues, gelatine, etc 

United Roll & Foundry 


Company, Raven- 


na, Ohio, has been incorporated with a 
capital of $125,000. C. E. Yost, incorpo- 
rator. 

U. S. Gun Oil Company, Beaumont, Texas, 
has been incorporated with a capital of 
$20,000. The incorporators are E. T. Dick- 
son, A. L. Dickinson, J. M. Johnson 

Van Wert Foundry Company. Van Wert, 


Ohio, has been incorporated with a capital 
of $15,000. I. W. Langwell, incorporator. 

Waters Oil Company, Delaware, has been 
incorporated with a capital of $1,000,000 to 
acquire oil and gas lands and to develop the 
same. The incorporators are M. L. Gat- 
chell, L. A. Irwin,.H. W. Davis. 

The Wood-Percival Chemical Corporation, 
Richmond, Va., has filed articles of incor- 
poration with capital of $300,000 to manu- 
facture chemicals. 


Changes in Capitalization 

The Ammonol Chemical Company, New 
York, has reduced its capital from $100,000 
to $10,000. 

The Chile Copper Company, New 
has increased its capital stock from 
000,000 to $135,000,000 

The Hoffman-LaRoche Chemical Works, 
440 Washington Street, New York, has in- 
creased its capital from $25.000 to $125,000 
for expansion. 

Houston Gas & Fuel Company, 
has increased its capital 
000,000 to $2,100,000 

The Jenkins Manufacturing Company, 35 
Farrand Street, Bloomfield, N. J., has in- 
creased its capital from $150,000 to $600,000 
The company engages in the manufacture 
of brass goods. 

E. C. Klipstein & Sons Company, Chrome, 
N. J., manufacturer of chemicals and dye- 
stuffs, has increased capital from $100,000 
to $1,000,000 for expansion. 

The Lubricating Metal Company, 2 Rec- 
tor Street. New York, has increased its capi- 
tal from $100,000 to $500,000 for extensions. 

The Nitrogen Products Company, Provi- 
dence, R. L., has increased its capital from 
$200,000 to $500,000. 


y ork, 
$110,- 


Houston, 
stock from $2,- 
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Company, Lima, has in- 
from $1,300,000 to §$1,- 


The 
creased 
500,000 

The 
Company, 
Delaware 
capital from 
extensions 

The W. 8S. Rockwell Company, Balls Lane, 
Newark, N. J., manufacturer of furnaces, 
has increased its capital from $100,000 to 
$525,000 for business extensions 

The Utica Chemical Company, Utica, N 
Y., fas increased its capital from $30,000 to 
$200,000 for expansion 


Steel 
capital 


Ohio 
its 


Producing & Refining 

Street, New York, a 
has increased its 
to $10,000,000 for 


Oklahoma 

14 Wall 
corporation, 
$5,000,000 


Construction and 


Operation 
California 

FRESNO The Pacific Gas & Electric 
Company will build a new gas plant which 
is to cost $100,000 It will contain a gen- 
erator invented by E. G. Jones, and known 
as the Jones 12-foot improved oil gas set 
It is claimed that this machine can make 
two million feet of gas per day 

KENNETT The electrolytic zinc 
ofr the Kennett Copper Company 
started up in the first week of April, 
will not be in complete operation 
some time this month The total cost 
the plant was about $500,000 

LOS ANGELES.—Petitions have 
sent to the City Council, calling upon 
Angeles to turn over to the Federal 
ernment electric power produced at gen- 
erating station No. 1 of the Aqueduct for 
the purpose of making nitric acid It has 
been figured that about 75 tons per day of 
70-per-cent acid could be made from the 
electricity generated at this station The 
current is now used by the city. 

LOS ANGELES.—The 
pany has been authorized 
missioner of Corporations 
500,000 for the purpose of buying addi- 
tional oil lands, building a new refinery 
ind extending selling facilities 


Connecticut 


BRIDGEPORT—The Bullard 
Tool Company of Bridgeport 
hased the J. A. Taylor Gray Iron 
& Foundry Company's property in 
field The property consists of the 
iry plant and about 9$ acres of land, 
vill allow for expansion Joseph A 
or of Port Chester, N Y is president 
this company 

WATERBURY The 
ngs Mills Company has 
three addit to its plant 
will be ne s high 


Idaho 


Hecla 
contract 


plant 
was 
but 
until 
of 


been 
Los 
Gov- 


Com- 
Com- 


Union Oil 
by the 


to raise $3,- 


its 


Machine 
has pur- 
Casting 
Fair- 
foun- 
which 
Tay- 
of 


Waterbury Roll- 
started work on 
The buildings 


ons 





Mining Company 
with the Bun- 
Mining & Concentrat- 
treatment of its ore, 
effective as soon 
opened 

Hill & Sulli- 
Company, 


BURKE The 
has entered into 
ker Hill & Sullivan 
ng Company for the 
irrangement to become 
is the Kellogg smelter is 

KELLOGG The Bunker 

! Mining & Concentrating 
ere, plans to have its $1,000,000 smelter 
ready to blow in early in May. according 
to Stank 4. Easton, general manager 


Illinois 


Standard Paint Company 
which operates eight 
parts of the country 
will erect its ninth plant in Joliet The 
ompany has purchased 29 acres of land 
north of the Phoenix Horseshoe Company's 
plant, and will commence construction in 
the near future The company manufac- 
tures roofings insulating papers, and 
waterproofing Its other plants are located 
n Bound Brook, N. J Los Angeles and 
Oakland Cal., Seattle, Wash Chicago 
Montreal, Canada 


JOLIET The 
York City, 
factories in various 


Heights d 
Indiana 

VINCENNES The Sanders Oil Com- 

pany of Chicago has purchased the hold- 

nes of the Allen Dale Oil Company. owner 


producing oil wells in Wabash 


for 750.000 


2 
4 


Kentucky 
LOUISVILLE The 


Company will erect a 


Varnish 
varnish 


Louisville 
three-story 


factory to cost $37,000 
Massachusetts 
WORCESTER.—A new company which 
will probably be known as the Worcester 
Foundry Company will erect a plant in 
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this city to cost $50,000. Both brass and 
iron castings will be made. A large brass 
foundry in Waterbury, Conn., is interested 
in this company 


Michigan 


HURON.—The Summers Fiber 
of this place will erect a perma- 
An acreage 


PORT 
Company 
nent flax station at Sandusky. 


of 1000 will be required. 
Missouri 

ALTON The Laclede Steel Company 
has begun the erection of a third open- 
hearth furnace Plans are also under way 
tor the construction of additional soaking 
pits 

New Jersey 
NEWARK.—The West Pulverizing Com- 


the General 
three acres 


from 
plot of 
near the Pennsyl- 


has purchased 
Company a 


pany 
Leather 


on Evergreen Avenue, 
vania Railroad. The company conducts a 
general machine and foundry business in 
addition to its pulverizing equipment The 
members of the company are A. Lincoln 
West, W. G. West and Frank R. West, all 
of Newark 

PASSAIC.—The Pantasote Leather 


Company will erect a one-story addition to 
its factory in Jefferson Street 
IRVINGTON (Newark)—Jeremiah Cam- 
field has filed plans for the erection of a 
new foundry at 33 Glorieux Street, to cost 
about $7,000 
NEWARK Waldstein 
manufac- 
two one- 


The Maas @& 
Company, 437 Riverside Avenue, 
turer of chemicals, is building 
story additions, 30 x 100 ft 
NEWARK. The Butterworth-Judson 
Corporation, Avenue R, manufacturer of 
chemicals, etc., will make improvements in 
its phenol plant, which has recently been 
closed, primarily for this purpose. 
NEWARK.—The tubber & Celluloid 
Harness Trimming Company, 56 Ferry 
Street, will build a one and two-story addi- 


tion, about 50 x 400 ft., to its plant. This 
company has recently filed notice of a 
change in name to the Rubber Celluloid 
Products Company 

PERTH AMBOY.—The American Smelt- 
ing & Refining Company will erect a large 
building to cost $80,000 and will be known 
as a general utility building. 


TRENTON.—The New Jersey Chemical 
Company, recently incorporated with cap- 
ital of $25,000. manufacturers of special 
chemicals used in the production of paint. 
is now considering sites for the erection of 
a local plant The company has beer 
maintaining an experimental plant at 145 
North Willow Street David Berkow, 


president . , 
New York 
POUGHKEEPSIE The 


Company will erect a new 
field Street Mr. William B 
secretary and treasurer of the 
NEW YORK CITY At a 
ing of the directors of the 
Aniline & Chemical Company, 
lecided to make the Schoellkopf Aniline & 
Chemical Works, Buffalo, the assembling 
and shipping point for finished products 
The Benzol Products Company, which is 
included in the consolidation, is erecting 
a large still house at its plant at Marcus 
Hook, Pa Work on the new buildings at 
the Beckers’ Aniline & Chemical Works in 
Brooklyn wil be pushed as rapidly as pos- 


Century Steel 
plant in Dela- 
Dukeshire is 
corporation 
recent meet- 
new National 
Inc., it was 


sible It is probable that the Beckers’ 
Company and the Schoellkopf Company 
will retain their name, as they are so well 
krown in the trade 

SYRACUSE.—The Syracuse Maileable 
Iron Works, 101 North Geddes Street, 
manufacturers of metal wheels for auto- 
mobile trucks, has commenced the erection 
of a new addition to its plant, to cost about 
$15,000 Burns Lyman Smith is  presi- 
dent 


North Carolina 


PORTSMOUTH.—tThe Portsmouth Fish- 
eries Company, recently incorporated with 
$50,000 capital, will manufacture fish scrap 
and oil at this place 
Ohio 
The Hydraulic Press 
Steel Company is planning to acquire a 
steel plant with an annual capacity of 
250,000 tons. The company is desirous of 
having a complete plant, from the raw 
material to the finished product. 

COLUMBUS.—The Smith Gas En- 
gineering Company of Lexington, Ohio, is 
installing one of its singie six-section gas 
producers in the plant of the Jeffrey Manu- 
facturing Company of Columbus, Ohio. 
The producer gas will be used for both 
power and heating 


CLEVELAND 
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ELYRIA.—The Elyria Iron & Steel 
Company plan additions to its local plant, 


which wili involve an expenditure of be- 
tween $500,000 and $750,000. The main 
addition will be a 180 x 200-foot building 


for a rolling plate mill A club house and 
furnace department wil be added later. 
TOLEDO.—The Libby Glass Company 


will erect an addition to its plant for the 
manufacture of electric light bulbs. The 
addition will cost $48,000. 

TOLEDO.—The Taylor Coupler & Steel 
Castings Company is building a new plant 
in Ironville. Mr. J. C. Taylor of 542 Ohio 
Building is president of the company. 

YOUNGSTOWN.—The Trussed Concrete 
Steel Company is planning extensive addi- 
tions to its pliant, to take care of increas- 
ing business. 


Oregon 


EASTSIDE.—F. C Harbaugh, Frank 
Kester and Fred Blaser, all of Marshfield, 
are completin Plans for construction of 
a charceal and chemical plant in this city, 
which wil be later developed into a powder 
plant. Alderwood and mill waste will be 
utilized in initial plant. 

GOLD HILL.—The Ray & Haff Scheelite 
mine, Geerge Stone, manager, is installing 


compressors and drills on the property. 
Machinery will be operated by electric 
power. 

PORTLAN D.—The Standard Electric 


Chemical Company recently or- 
ganized with $4,000,000 capital, has a 
power plant in Central Oregon The fac- 
tory has not yet been established. The of- 
ficers are V. H. Dent, president, manager 
of the Trogan Powder Company: B. H 
Fisher, secretary, dentist, Portland, Ore., 
and John A. Jeffrey, vice-president; C. D 
Charles, general manager. The parties are 
all of Portland, Ore., except Mr. D. F 
Smith of Vancouver, who is one of the 
trustees. The company's plant will de- 
velop, and its factory means to use the 
greater portion of 300,000 hp. to be em- 
ployed in the production of atmospheric 
nitrate of lime and nitric acid; also a 
standard fertilizer with guaranteed 40 per 
cent nitrate and 38 per cent potash and 22 
per cent of phosphoric acid It also pro- 
poses to go quite extensively into the ex 
traction and preparation of all coal tar 
by-products 


Power & 


Pennsylvania 


MARCUS HOOK The Benzol Products 
Company has begun the erection of a large 


stilihouse at its plant here Other exten- 
sions to the plant are looked for in the 
near future, as the company has recently 
been merged into the new National Ani- 
line & Chemical Company, Inc., of New 
York. 

PHILADELPHIA.—The Atlantic Drier 
& Varnish Company has acquired a new 
one-story plant at Wolf and Weccacoe 
Avenues, 237 x 200 ft, to be used for 
manufacturing 

PHILADELVHIA.—The Westmoreland 


Chemical & Color Company has filed plans 
for alterations and improvements in its 
plant on Twenty-second and Westmoreland 
Streets 
PHILADELPHIA 
Company, manufacturers 
soon commence the erection 
and basement addition, 45 x 


Frederick Weber & 
of paper, will 
of a five-story 
150 ft., at But 


tonwood and Hamilton Streets 
PHILADELPHIA.—Philadelphia Paper 

Company has filed plans for the erection 

of a one-story brick addition, 58 x 58 ft.. 


Nixon and Fountain Streets 
PHILADELPHIA A M 
Company, 226 Columbia Avenue, manufac 
turers of paper, will build a _ two-story 
brick and steel addition, about 40 x 50 ft 

READING H. J. Hayden and Charles 
M Hallman, formerly connected with 
American Iron & Steel Company, have ac- 
quired property at Lebanon, and _ will 
establish a plant for the manufacture of 
glazed paper 

SOUTH BETHLEHEM.—tThe _ chemica) 
laboratory, pattern storage plant and 
boiler house of the Bethlehem Foundry & 
Machine Company was recently destroyed 
by fire. The buildings will be immediately 
replaced 
WHITEHAVEN.- 


on 
Collins & 


Wilmot Engineering 
Company, Hazleton, will build an addi- 
tion to its foundry at Whitehaven, used 
for the production of iron and steel cast- 


atl Washington 


ABERDEEN.—A new paper company, of 
which C. M. Weatherwax, manager of the 
Aberdeen Lumber & Shingle Mill Company, 
is one of the promoters, plans the erection 
of a paper and pulp mill at this place which 
will cost $1,000,000. An effort will be 
made to have it in operation by January, 
1918 
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CAMAS.—Entire plant of the Crown- SPOKANE.—Northwest Mining Associ- ceived only about 1100 tons. During 1916, 
Willamette Paper Company has been ation recentiy convened here, with Presi- however, the United States purchased this 
closed for a week on account of strike of dent Graham B. Dennis at the head, for mineral in increasing quantities, and it is 
more than 500 men for increased wages of the purpose of discussing the establishment estimated that about one-half of Bolivia's 
50 cents a day. Company has posted no- of an electrolytic zinc plant near Spokane production is now being sent to the United 
tices that plant will be closed indefinitely for the reduction of zine ores. Carefully States. The total exportation of this ore 
Plant operates 24 hours, and is rushed prepared estimates of cost of such a plant during 1915 was about 36,492 tons. In ad- 


with orders. were given, placing the cost at $400,000. dition to the exports to Great Britain and 
SEATTLE.—The Seattle Brewing & Committee has been appointed by President the United States, Germany took 27 tons, ” 

Mailting Company, whose plant in George- Uennis to take up details of investigation. Argentina, 2 tons, and Uruguay and Chile, 
town formerly produced 1250 bbl. of beer VALLEY.—American Mineral Production 1%, tons. 

per day, and which became idle when the Company, H. H. Brunt, manager, will com- Bolivia holds second place among the tin- 
manufacture of beer was abolished in mence work at once in proposed extensive Producing centers of the world, and many 
Washington, has taken up the manufac- developments of magnesite properties in good mines and prospects are still open to 
ture of “near beer’ and industrial alcohol that district A fleet of seven motor trucks “evelopment that would be attractive to 
The plant covers seven acres, and depre- will be used in hauling magnesite from American capital. If modern methods were 


ciated in value $1,000,000 on account of the quarries to Valley. Site has been se- introduced in the development of the mines, 
becoming idle. The new industry prom- cured and plans completed for construction Bolivia's production would increase greatly, 


ises to be successful and uses a process in- of laboratory, office and warehouse at Val- 44 the methods at present employed, with 
vented by D. Cozzolino of Los Angeles, who ley to cost $20,000 few rege ces primitive 
has written to us as follows regarding CHARLESTON.—Col. A. M. Schenk of The enhanced prices obtained for tung- 


same: sten ore caused the opening up of large 


“In regard to our process, | wish to say oe Ba 40°" Ve plant at deposits in the northern part of the coun- 
that I take advantage of the capillarity at- ; iene,” oo, SN ii move same try, where they abound. The output dur- 
traction of linen, and of the laws of ‘° “4rieston ing 1914 was 276 metric tons, while in 1915 
; P r P ake > ale " 7s —_ 2 @) ts ale 792% tons, of which 
aphrometry. in order to take the alcohol the exports tot aled 192% b 
rem beer (this is the only successful West Virginia the U. 8S. took 436 tons and Great Britain 
process in making a non-alcoholic beer), CLARKSBURG.—The Bridgeport Win- 357 tons The production of antimony dur- 
the separation must be obtained at low dow Glass Company, recently incorporated, ‘"& 1915 was large. Great Britain received 
temperature, otherwise the albuminoids will construct a window glass plant in 16,184 tons, the U. 8S. 1589 tons, and Spain 


will be coagulated, impairing the foam Bridgeport, to cost $100,000 The com- small amount. 

stability of the beer, and giving a cooked pany has secured control of a large tract In the table below is shown the value 

taste to the beverage of gas-producing territory near Bridgeport, of Dotivian exports, by countries, in 1913, 
“A vacuum process therefore 1s neces- which will insure an adequate supply of !%14 and 1915 

sary, and our vacuum apparatus is so de natural gas The remarkable increase in the purchases 


signed as to separate the alcohol from the made by the United States during 1915 over 


beer, drawing it in very thin sheets, through Wisconsin those « the proceming yee is asoey — 
. > ome to the diversion of about three-fourths o 

capillarity attraction, to the upper part of APPLETON.—The er -aner : . 

the vacuum apparatus, while the foaming ’ - Bergstrom Pape the crude rubber, formerly exported to Liv- 


Company is planning a large additior lew Y cf > _ 
is kept in check by a linen diaphragm s p . TT P ng a Be —_— om to erpool, to New York and, in the second 
which offers a physical obstacle to the ‘tronic. re new structure will be two place, to purchases of Bolivian tin, copper, 

‘ ' . stories high and will be located between tyngsten, and other minerals for United 


foam, breaking the bubbles, and dissolv- 4), old and the bene > M ; 
_ é new mill, utili é < States ‘ies. Thee ance 1 > 
ing those that escape the diaphragm as z om ilizing all of States industries. The entrance of the Ameri- 


oon as they reach the cold zone This ne space remaining between the two build- can Smelting & Refining Co. into Bolivia 

cold zone is formed by the evaporating '"®* : , as a buyer of ores and concentrates, espe- 
nen sheets during the evaporation of the Wyoming cially tin and copper, accounts for much of 

alcoholic vapors, drawn up by the capil seer oo ss this increase 

larity attraction process CASPER The plant of the Midwest THE J. H. DAY CO., Cincinnati, Ohio 
“Thus the alcohol vapors are separated Refining Company at Casper, when addi- manufacturers of mixing, kneading and 

and condensed in a receiver. By our sys tions are completed, will be the largest grinding machinery, has acquired the busi- 


tem a finished beer is separated in two ‘Teéfinery in the West, and one of the largest ness and plant of the Lynn-Superior Co 
products, alcohol on one side, and wnat '” the world, with a capacity of 50,000 bbl. Cincinnati, Ohio, manufacturers of simila: 
was the beer before, minus the alcohol, on of crude per twenty-four hours. The Stand- machinery 

the other side All odoriferous matters ard Oil Company of Indiana will also erect THE KNICKERBOCKER LIME CO 
aroma, ethers, and other non-condensabk a large addition to its refinery in order to Philadelphia, has retained the Schaffer En- 
pleasant odors are caught in a trap, and [take care of the increased output of re- gineering & Equipment Co. of Tiffin to de- 
sent back to the de-alcoholized beer. The ned oil from the Midwest plant. The sign and install its plant equipment, which 
most rigorous analyses made show that Plant of the Standard Oil Company of will include the Schaffer Continuous Hy- 
our product is a real beer, having all the Casper is the largest refinery of its kind drator and the Poidometer, both of which 
parts and ingredients of the old beer, minu ri ate producing motor spirits from wore developed by the latter concern 

: ab _ & 2 ruel ol , r 
the aicohol only. It sparkles, foams, look THE SUPPLEE-BIDDLE HARDWARE 


s ‘s é ‘ t “J t > as ‘ ez « . -_ , 
beer, b. By a “¥ effects of the Alaska COMPANY, Philadelphia, Pa., has recently 


taken up the manufacture of high grade 

ileohol FAIRBANKS The Fairbanks _ statior filter and bolting cloths for chemical and 
“All the near beers on the market now of the United States Bureau of Mines will metallurgical use. The cloths are made of 
-- at ae oe gy me — i pn soon be opened Machinery and equipment monel metal and also of copper and bronz« 
and i fermented Class a : Osre is now arriving in Seattle, and will be for- THI TWh . (ON@TR ICT ; 
which is the cheapest and simplest way Of warded on the early boats for Alaska. The COMPANY — et - N Ce —_ = “¥ 
preparing a near beer is the class of near station will be in charge of Mr. John A New York tales an 30 E 42a Street, ate 9 r 


beer made by the brewers of the United 


States of America in their first crude at se we ~ we Le i = Stations at the direct supervision of Mr. T. C. Oliver, 

7 : . Sei e as i mm 2 r 

tempt in this branch of the industry _ . . a » APIS manager of the company. This compan) i 
“The second class of near beer is divided has recently doubled its capital stock owing ' 


n two parts The first part ferments its to greatly increased business 


beer, but takes the alcohol out by open Manufacturers’ Notes USES OF ROSIN The _ Leather and j 


boiling or by vacuum process at high tem 












— . " . " on Paper Laboratory of the lI S. Dept. of 
perature of about 150 deg. Fah Thes m. 3 Qt ADE Ladi? bn $y The Agriculture has prepared a list of uses of 
brewers make a better near beer than those ae ae States is now = chie supplier of turpentine, rosin, acetic acid and pitch, 
who do not ferment their product. The sec- An vie ~ ~iniater Joh "Dd ‘OR ~~ gy - some of which may not be generally known 

d part of the second class of near beers } an te enenpstetate ae : UW ne ate * The uses of turpentine were given in our 
ises very low temperature and produces the —s ac oe ommerce eports . nt:l 1S 14 it last issue The uses of rosin, acetic acid 
real non-alcoholic beers Of these pro- was fourth in importance Chemic al prod- and pitch follow 
esses, the only one in successful operation ucts form a very small part of the imports USES OF ROSIN 
the White Ribbon jeer Company In 1915 the value was 13,545 bolivianos (the : eae s rege 
process of Las Anmeles. Cal.. which is the normal value'of the boliviano is $0.3893) Manufacture of rosin soaps, including 
iccessful pioneer in this line Three large Of this amount the United States supplied Laundry soaps and soap powders 
ants operate now under their system, ;:~‘° bolivian ss. Other items are as fol- Sizing for paper and paper board 
ind all three make a_ splendid product lows _ Explosives total 801,629b. ; from | Paint dryers (resinates of lead manga- 
The White Ribbon Beer Company's process S.. 367. 642k Lard: total 33, 99b.; from nese, cobalt and other metals, Japan 
s divided in two parts The mechanical U- Sy 85,733b.. Leather total 59,246b.; from driers). 
first part is covered by strong patents I _S.. $1.356b Gasoline naphtha, etc Axle grease . 
ssued and pending, and the finishing part, total, 28,245b ; from 8 6b. Kerosene Waterprofing compounds (insoluble rosin 
which is secret total 285,869b.; from wv S.. 7,855b. Petro- Soaps). | 
If the “near beer” can be successfully [€¥™:, crude: total 224,354b.; from U. &., Emulsifiable oils (lubricants for high- 
irketed, it should be a big thing for our 182 106b . Paints, colors and varnishes: to- speed tool work) | 
reweries. which may all have to stop tal, 53,606b.: from I S., 6847b Resins Leather dressings and shoe polishes 
iking beer The Seattle Company has a ar —— wax total 48,495b ——. oe a ceramics (resinates of 
: , . ~ rom S., 21,367b 1eavy metals 
uth in its, me pA vesteve, and — ae Tin has been the principal item of Bolivian Manufacture of certain varnishes and la¢ 
ote pt an Be HS, LF fa - Bing aaa export for many years, the bulk of the pro- quers. 
ther by-products.” , ° duction having been shipped to Great Manufacture of plastic compositions, i: 
y-3 _ Britain, even after the war broke out cluding 
SEATTLE.—The Sound Paper Company, During 1915 about 35,360 metric tons of Sealing waxes 
Seattle, recently incorporated for $5,000,000 2204.6 pounds of tin ore were sold to Great Cores for foundry work. 
by H. O. Pond, New York, and Scott Cal- Britain, while the United States, which Rubber substitutes 
oun and S. P. Weston of Seattle, plans de- held second place on the list of buyers, re- Shoemaker's wax 
velopment of the Sultan River power pro- ~ vipa: Pas Se 
ect and establishment, in or near Seattle, . 
fa paper mill that will utilize 400,000 ft EXPORTS FROM BOLIVIA 
timber daily The ultimate develop- Countries 1915 
nt of the power project and paper mill, Great Britain ; sam Stes _ $: $26,654.73: 
vhich will be devoted entirely to produc- Germany 95.655 
on of newspaper print paper is placed at France 326,920 
; $12,000,000. The only obstacle now in the so hn ee he oes ee , 
> iy of the project is certain claims that Argentina 579.069 
‘ city of Seattle has on the power site I 496.178 243,899 
SPOKANE.—The Lucky Jim Zinc Mines, United States 981,001 10,007,240 
: Spokane, Wash., plans the erection of a All other countries $20,537 246,544 
> centrating plant, with capacity of 


0 tons daily, and other improvements Total oven $37,488,605 $26,320,458 $38,084,144 














Briquettes and fire kindlers 
Artificial wood 
Composition for pattern making 
Papier-mache 
Brewers’ pitch 
Roofing cement 
Grafting wax for trees 
Cheap linoleum and oil cloth 
In shoe bottom fillers. 
Lutes 
Pharmaceutical purposes, including 
VOintments 
Plasters 
Cerates 
internal remedies (veterinary) 
Disinfecting compounds 
Making roofing materials 
Adulteration of ceresin and paraffin waxes 


Adulteration of beeswax and “artificial 
beeswax 

Adulteration of shellac and certain resins 

Manufacture of Venice turpentine substi- 
tute 

Flux for soldering and tin plating 


Dusting molds in foundries. 

In dry batteries and electrical 
(wiring) 

Constituent of wood stains 

In belting grease 

On leather belts to 
inadvisable) 

On violin bows 

For setting bristles in hair brushes 

Constituent of insect powders 

For the manufacture of “artificial copal."’ 

In steel hardening 

Constituent for enamel for brick walls 

Coating for match splints. 

Constituent for some floor waxes and pol 
ishes 

In wax tapers 

Hardening tallow candles 

n stamping powders 

Sizing for wood-pulp wall-board 

In waterproofing compositions for 
ecard board and fabrics 

Paper hangers’ size 

Making imitation Burgundy pitch 

Manufacture of munitions (filling vacant 
space in shrapnel) 

Manufacture of sticky fly-paper 

Constituent of sweeping compounds, 

Weather-proofing wooden fence posts 

In mixtures to protect trees from climbing 


insulation 


prevent slipping (use 


paper, 


insects 
Constituent of printing inks 
in ‘ nt (for glass, etc.) 
For iulking ships 
lt utilization 


ulphite-waste (Trippe proc- 
ess) 

In the manufacture of condensation prod- 
ucts 

As a raw material for producing 
chemicals (benzene deriatives) 

In the manufacture of carborundum and 
calcium carbide (using sawdust and re- 
fuse wood chips with residues from the 
manufacture of turpentine and rosin) 

in destructive distillation to produce 
Rosin oil and rosin oil products used in 

Cements. 

Lubricants (oils and 
inks 
Adulterating linseed oil 
ers’ pitch 
shes 
Rubber substitutes. 


certain 


axle grease) 


Funnel paints for yachts 

“lotation concentration of ore 

Mixture to protect trees from climbing 
insects 

Shingle stains 

Waterproofing textiles and cordages 

Manufacture of lamp-black for  litho- 
graphic purposes 

Soap makin 

Leather dressings and shoe polishes 

Sweeping mpound 

Adulterating olive oil and castor oil 

Rosin spirits ed in 
Illuminants 
Turpentine substitutes 


Cheap varnishes 


Acetic acid used for making 
Acetate of lime (source of acetone) 
Acetate of iron (mordant and mineral 
dye). 
Acetate of alumina (waterproofing cloth) 


Pitch, used for 
Cobblers’ wax 
Preserving cordage and nets 
Roofing felts and waterproof papers 
Bituminous paints 
Binder in briquettes 
Caulking ships 


Cements, lutes 

Electrical insulations (dry batteries, wir- 
ing, etc.) 

Plastics for pattern making 

Grafting wax for trees. 

Pavine materials 


Steel hardening compositions 

Waterproof masonry 

PRODUCTION OF PLATINUM IN 1916.— 
Preliminary estimates based on  practi- 
cally complete returns made by the United 
States Geological Survey by domestic re- 
finers of platinum indicate that in 1916 ap- 
proximately 488 oz. of domestic crude plat- 
(about 74 per cent metal) were re- 


inum 
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fined producing 172 oz. platinum, 84 oz. of 
iridium, and 113 oz. of iridosmine, and 
that 10,118 oz. of South American crude 


platinum, about 88 per cent pure, were re- 
fined. The platinum metals produced by 
refining crude placer platinum, of both for- 
eign and domestic origin, amounted to 8943 
oz. platinum, 235 oz. iridium, 199 oz. iridos- 
mine, and 18 oz. palladium. Refiners of 
copper matte and gold bullion report a pro- 
duction from foreign and domestic material 
of 2556 oz. platinum, 100 oz. iridium, and 
2746 oz. palladium. About half of this out- 
put was produced from domestic materials. 


The total production of new platinum 
metals in 1916 was about 11,500 oz. of plat- 
inum, 335 oz. iridium, 200 oz. iridosmine, 


and 2765 oz. palladium. The scrap platinum 


metais sold in the United States in 1916 
amounted to approximately 49,400 oz. of 
platinum, 980 oz. iridium, and 2000 oz. pal- 


ladium 


BAUXITE SHIPMENTS FROM BRITISH 
GUIANA tauxite in considerable quanti- 
ties has been discovered in British Guiana, 


according to Commerce Reports. Prospect- 
ing and development work has been car- 
ried on for the past two and one-half years 
with satisfactory results, and to-day the 
first shipment of this product is being 
made, a full cargo of 980 tons being sent to 
consignees in the United States. Develop 
ment work has now reached a stage where 
a steady output is assured, and other ship- 
ments are expected to follow at frequent 
intervals 

BAUXITE IN 
bauxite, the ore of aluminum, in 1916 was 
425,359 long tons, which had a value of $2,- 
297,825, an increase of 43 per cent in quan- 
and 52 per cent in value over 1915 
This is a notable increase for the whole 
United States. but the most striking figures 
are those for Georgia and Alabama. In 
1915 the production of bauxite in these two 
States was 25,008 long tons. The output 
was increased to 46,410 long tons in 1916, a 
gain of 86 per cent. A large part of this 
increase is due to the operation of new and 
old mines in central Georgia notably in 
Wilkinson, Meriwether and Sumter coun- 
ties. The production in Arkansas and Ten- 
nessee was increased from 272,033 long tons 
in 1915 to 378,949 long tons in 1916, a gain 
of 39 per cent This increase can be at- 
tributed to the great development of the 
well-known deposits in Arkansas. There 
has been much activity in Georgia and 
Alabama, where many newly found deposits 
were brought nearly to a producing stage 
in 1916. Advices received by the United 
States Geological Survey indicate that a 
number of old deposits in these States will 
be reopened, owing to the increased value 
of the ore and to the fact that it is used 
by many new enterprises. 

AMERICAN COTTONSEED PRODUCTS 
INDUSTRY Some idea of the immensity 
of the American cottonseed and cottonseed 
products industry can be obtained from the 
report issued by the Bureau of Census 
The quantity of cottonseed received at the 
mills from August 1, 1916, to March 31, 1917, 
was 4,330,922 tons, the quantity crushed 
during that period was 3,863,185 tons, and 
the quantity on hand at the mills March 31 
was 482,066 tons. From August 1 to March 
31 there were produced 1,186,609,174 Ib. of 
crude oil and 955,348,973 Ib. of refined oil. 
This refined oil was produced from 1,026,- 
462,349 lb. of crude oil. 


TO INCREASE THE SUPPLY OF TIN 


1916 The production of 


CANS. The steps that have been taken to 
increase the supply of tin cans for the 
coming packing season were announced 
recently by Secretary Redfield. They con- 


sist principally in speeding up the manu- 
facture of tin plate, in arrangements by the 
manufacturers whereby much of the tin- 
plate ordinarily used in packing non-perish- 
able goods will be diverted to the packers 
of perishable foods, and in the introduction 
of suitable substitute containers for many 
lines of non-perishable goods usually packed 
in tin. At present the canners are de- 
manding 40 per cent more cans than the 
can manufacturers feel that they are able 
to promise 

The greatest saving in tin plate can be 
effected by using substitute containers for 
non-perishable goods, and the Department 
of Commerce, through the Bureau of For- 
eign and Domestic Commerce, is now pre- 
paring suggestions along this line. A great 
many familiar articles are put up in tin 
containers which can well be put up other- 
wise. Good substitutes are now in use 
for packing tobacco, coffee, tea, spices, bak- 
ing powder, soap powder, white lead, pow- 
dered paints, sirup, cocoa, cheese, lard, 
butter, and peanut butter. It is suggested 
that packers of such products consider care- 
fully the use of such substitutes before 
ordering any further supplies of tin cans. 
The Department will be glad to assist engi- 
neers who may state the special uses for 
which they wish containers to replace tin 
during the present emergency. 
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In some instances the use of substitutes 
may mean temporary inconvenience but no 
patriotic manufacturer will hesitate to “do 
his bit” to prevent a serious food shortage 


next winter Some manufacturers who 
have been approached by the Department 
will be able to use substitutes without any 


sacrifice whatever in fact, some of them 
w.ll welcome an opportunity to abandon the 
elaborate containers that have come into 
use largely for advertising purposes during 
the last few years. A number of important 


concerns are already notifying their trade 
that in the future their goods will be de- 
livered in substitute containers. A number 


of tin-plate manufacturers have agreed to 
co-operate by refusing for the present to 
enter into new contracts for the sale of 
tin plate for use in canning non-perishable 
goods. 

Economy in the manufacture of tin plate 
and tin cans is of prime importance and 
the manufacturers are making special 
efforts to prevent waste in the mills and 
factories 

The present high price of tin is attributed 


to the unusual demands of the last two or 
three years, combined with the present diffi- 
culty of getting the supplies from the Straits 
Settlements and from the tin refiners in 
Europe Practically all of the world’s 
supply of tin is mined in the Straits Set- 
tlements and Bolivia For a great many 
years European firms have handled the 
output of both countries and sold the refined 
product to tin-plate manufacturers in Europe 
and the United States, although since the 
war started, a smelting plant has been 
erected in New Jersey and the ore is now 
brought here direct from Bolivia. Another 
plant is also under construction on Long 
island 


Manufacturers’ Catalogs 


CHALLENGE COMPANY, Batavia, IIL, 
has issued a little pamphlet describing 
briefly its wind mills, tanks, steel towers, 
pumps, engines, lawn swings, pump jacks, 


ensilage cutters, corn shellers, porch swings, 
feed grinders, wood saws and settees. 

THE FOUNDATION COMPANY, Wool- 
worth Bidg., New York, has issued a book- 
let called “Industrial Plants,” which gives 
photographs and descriptions of some of 
the chemical and other industrial plants 
erected by the company 

M. H. TREADWELL COMPANY, 140 
Cedar St., New York, has issued a bulletin 
describing “Tread-Kill” grates for burning 
all grades of coal. 

READING IRON COMPANY, Reading, 
a., has issued a booklet called “Additional 
Testimony in Case Wrough Iron Pipe vs 
Steel Pipe,’ describing tests and advan- 
tages of the different pipes 

BLAIR, CAMPBELL & McLEAN, LTD., 
Woodville Street, Govan, Glasgow, Scot- 
land, has issued a catalog describing their 
“Multiplex” film evaporator and “Simplex” 
film evaporator 

PYROELECTRIC INSTRUMENT COM- 
PANY, 148 East State Street, Trenton, N 
J., has issued a catalog on the Northrup 
pyrovolter describing their different instru- 
ments and giving a price list of same. 


Other New Publications 


REPORT ON THE PRICE OF GASO- 
LINE IN 1915. Issued by the Federal 
Trade Commission, April 11, 1917. 


A PRELIMINARY STUDY OF THE AL- 


LOYS OF CHROMIUM, COPPER AND 
NICKEL. By D. F. McFarland and O. E. 
Harder. Bulletin No. 93, issued by the En- 


gineering Experiment 
versity of Illinois. 
MINERAL PRODUCTION OF THE 
UNITED STATES IN 1915. Introduction 
by H. D. McCaskey and summary by Mar- 
tha B. Clark. Issued April 16, 1917, by 
the Department of the Interior, United 
States Geological Survey, Washington, D. C 
INDUSTRIAL HEATING AS A CEN- 
TRAL STATION LOAD. Published by The 
Society for Electrical Development in two 


Station at the Uni- 


parts. This is Part 1 and deals with elec- 
tric furnaces. 
STRUCTURE OF THE COATING ON 


TINNED SHEET COPPER IN RELATION 
AY A fog a 4 CORROSION. 
y Pau . Merica, echnologic P No. 
90, Bureau of Standards. ” eater 
CLAY DEPOSITS NEAR MOUNTAIN 
GLEN, UNION COUNTY, ILLINOIS. By 
Stuart St. Clair. This is an extract from 
Bulletin No. 36, issued by the State of 
Illinois, State Geological Survey, Urbana. 
ASPHYXIATION FROM BLAST-FUR- 
A —~ 2 Lo cme ge 106, Bureau 
es, partment of the Interior, - 

ten by Frederick H. Willcox. sein 















